


NOTES ON 

POTTERY CLAYS 


THE DISTRIBUTION, PROPERTIES, USES, 
AND’ANALYSES OF BALL CLAYS,, 
CHINA CLAYS, AND CHINA STONE 


JAMES FAIK1E, F.G.S. 



LONDON 

SCOTT, GREENWOOD & SON 

“THE I'OTTrlhv GAZETTE" OFFICES 
8 BROADWAY, LUDGATE HILL, E.C. 

CANADA : THE COM CLARK CO. LTD., TORONTO 
UNITED STATES : D, VAN NOSTRAND CO., NEW YORK 

1901 


[Allriflhls remain with Scott, Green}p,od * &«] 




CONTENTS 



CHAPf 

4. CLAYS : DEFINITION-.VARIETIES—PROPERTIES 

II. BRICK CLAYS—COMPOSITION ANT) PROPERTIES 

t 

III. FIIIK CLAYS—DISTRIBUTION, USES, AND ANALYSER . 

IT* VftTTKKY CLAYS— PIPE (LAY. 

►\\ •)TTE1IY CLAYS—BALL CLAYS — AN ALA SKH OK IT l’B, BLACK, 

. yJI> BUtiWN CL,US . . . . ^ 

VI. UIIICIIN AND COMPOSITION OK DOBSKTSHIUK AND DEVON 
SHIK» CLAYS ..... 

/II. OKIOIN AND OCCURRENCE OK KAOLIN Oil CHINA CLAY 
III. CORNISH CHINA CLAY—COMPOSITION AN1) ANA1^*SES 
IX. CORNISH CHINA CLAY .... 

X. ANALYSES OF CHINA CLAY—METHODS OK OBTAINING AND 
PREPARING CORNISH CHINA CLAY , 

•XI. CHINESE KAOLIN—HISTORY AND COMPOSITION 

• • 

XII. CHINKHg KAOLIN—PKTVNTZK 
JCIII. EUROPEAN AND CHINESE CLAYS COMPARED. 

XIV. BIERCES OF IRISH PORCELAIN CLAYS 
*LV. IRISH PLAYS — ANALYSIS —COMPARISON WITH JAPANESE 
CLAYS ...... 

XVI. C^IINA STONM: COMPOSITION— OCCURRENCE— ANALYSES 
Xfil, CHINA STONE—DISCOVERY AND PSK8 


IjpKX 


1 

8 

15 

22 

37 

36 

• 

42 

50 

57 

70 

87 

08 

107 

111 

116 

120 

125 

131 


ill 






i n i-1*; x 


&.TSKL, Prof. K. A., 10. 

Albite, 53, 50, 120. 

Alumina, 1. 

Analysis of bad clay, 10. 

Analysis of black clay, 01. 

Analysis ol’lilack crucible clay, 21. 
Aualysis of blue clay, 41. 

Analysis of brick day, 12. 

Analysis of brown day, 31. 
Analysis of eardazite, 81. 

Analysis of china clav, 58, 72, 73, 
74, 75. 

Analysis of china stone, 128. 
Analysis of Cornish granite, (JO. 
Analysis of Cornwall clay, 72. 
Analysis of lire day, 17, 18. 
Analysis of glasshouse pot clay, 20. 
Analysis of granite, 52. 

Analysis of Japanese porcelain, 06. 
Analysis of Japanese jforeclain 
stone, 130. 

Analysis of kaolin, 101, 102, 103. 
Analysis of marl, 20. 

Analyfts of orthodase, 52. 

Analysis of pctuntzc, 06. 

Analysis of pipe clay, 25. 

Analysis of i’oolo clay, 35, 40. 
Analysis of porcelain days, 100. > 
Analysis of porcelain spat. 71. 
Analysis of Teignmonth ciav, 40. 
Analysis of Welsh rooting slate, 7. 
Analysis of wMlo pipe day, 82. 
Analysis of yellow pipe clav, 83. 
Anorthitc, 5(5. 

A listed, 9, 41, 53, £tf. 

Argil© plastiipio, 22. 

Ball clay, 24, 40. 

Ballast, 12J* 

Berlin Royal Factory, 4(5. 

BflTk clay, 24, 33. 


Black crucible clay, 21. 

Blue day, 31, 40. 

Boase, l)r., (52, (53, 64. 

Bottdier, 44. 

Boulder clay, S. 
l»o\ ey Tracey I eds, 28. 

Brick days, 7, 8. 

, Brick-earths, 8. 

Brogniart, 3. 

: Brown da}*, .34. 

Caim.k, 70. 

CarcUzitc, 77, 125. 

Cahdoyvr of British 1‘olfiry amt 
Porcelain t 17 . 

China day, 21. 

China day, working of, 78, 79, S3. 
China stone, 120. 

Chinese porcelain, 11. 

Claydazin, 50. 

Clay, 1. 

Clay and Plastic Strata of Great 
Britain , 8, 11, 27, 31. 

Clay, drying of, 88. 

(’lay slate, 5. 

Collins’ Jlcnshurron 1 Granite Dis¬ 
trict , 51, 55, 60, 76, 77, 127. 

, Cookworthy, William, 48, 128. 

' Cornish, clay, 50. 

Cracking day, 24, 31. 

Die l/A Bkciik, 38, 43, 59. 
Donaldson, Professor, 11. 

1 Dorsetshire pipe day, 25. 

! “Dry,” 83. * 

I Drying of clay, 83. 

| Kocknk day, 22. 

I* • 

• Fkoulkako annals, 87. 
i Figuline, 22. 

131 



132 


Index 


Fire days, 7, 15. 

Fluorine, 55. 

Fuchs, Professor, 05, 6 if. 

Vkhlkn, Mr., 67, 68. 

Gilbcrtite* K0. 

Glasgow tire day, 19. 

Glasshouse pot day, 16. 

Growan, 51, 129. r 
G rowan-day, 129. 

Hawkins, Mr.*Tohn, i»1, 63, 61. 

I lusii days, 113. 

Iron oxide, 2. 

Janvikk, 23. 

Japanese porcelain, 96, .94, 105. 
Japanese porcelain stone, J30. 
Johnson and Blake, ION. 

Jukes, 15. 

INVOKIN', 21, 15, 48, 87, 98. 

Kaolin, formation of, 51. 

Kaolinite, 108. 

Kelllierg, 16. 

Lmikadokitk, 56. 
liCpidolite, 55, 120, 121. 

Lignite, 25. 

“Linhay,” 83. 

Loam, 5. 

Lower Bagshot beds, 28. 

Lower Tertiary heels, 24? 

M an uFAcriiKK of Chinese por¬ 
celain, 87. 

Marl, 5, 18. 

Maw, George, F.G.S., 3,11, 35, 36. 
Meissen i»orcdain, 44. 

Mica, 80. 

Mica day, 80. 

•Millers Philosophical Transactions, 
28. 

Miocene beds, %1. 

Moor-stone, 129. 

NuNGAiutow porcelain, 19. 


Oil of lime, 99, 123. 
j 4'ligoelasc, 56. 

1 OrthoelfJLc, 52, 56, 116, 120. 

| “Overbufden,” 79. 

^ i Pegmatite, 59, 121. 

| Petrosilex, 99, 100, 115, 122. 

| *PcLunt/e, 89, 91, 96, 98. 

I P<tyunt.zitMl23, 125. 

■ Pipe day, 21, 32. 

! Poole days, 27, 39, 40. 

# Porcelain day, 50. 

Poruchun spar? 71, 

Pottery day, 22, 42f 
Vrotogene, 59, 121. 

KnAuArn’s experiments with 
kaolin and petuntse, 93. 

Itudlev’s Calftlnyuc of Specimens, 
37,41. ’ 1 

St. Viiiiiix kaolin, 1/. 

Saxon porcelain, 41. 

Schnorr’s white earth, 15. 
Sealeaith, 16. 
lit. 

Sevres Manufactory, 16. 

Shale, 5. 

Slid I, 7JL 
Shorl, 59. 

Silica, 1. 

Staffordshire ware, 39. 

Steiniuark, 109. 

Stourbridge day, 16. 

Talc, 61. 

Teigmnouth days, 38,'*39, 40. 
•Tomlinson, 3. 

Tourmaline, 60. 

Undeimlay, 16. 

t 

Watson’s Chemical Essays, 30? 
Wool, ».* 

Welsh rooling*slute, analysis of, 7. 
White soda felspar, 53. 
Woodward’s Geology of England, 
28. 


MORK1SOX AND OTIlfr LIMITED, KDINHITtGil 




(P,lints, Colours, Pigments and 
Printing Inks.) 

THE CHEMISTKY OP PIGMENTS. By Ernest 
Parky, B.Sc. (Lond.), F.I.C.,,F.C.S., and J. H. Costk, F.I.C., 
F.C.S. Demy Hvo. Five Illustrations. 285 pp. Price 10s. (id. 
net. (Post free,»/l Is. home : 1 Is. 2d. abroad.) 

to ,i 1 

THE MANUFACTURE OF PAINT. A Practical 

Handbook for Paint Manufacturers, .Merchants and Painters. 
By J. CkuicksMa.vk Smith, B.Sc. Second Kditinn, Kcvised and 
Enlarged. DemyNvo. 28N pp. SO Illustrations. Price I Os. (id 
net. (Pfcst free. ) Is. home ; I Is. 2d. abroad.) 

DICTIONARY Or CHEMICALS AND RAW 
PRODUCTS USED IN THE MANUFACTURE 
OF PAINTS, COLOURS, VARNISHES AND 
ALLIED PREPARATIONS. By ( jP.org k H. Hurst, 

F.C.S. Demy 8vo. 870 pp. Second Revised Edition. lY^ce 
I0s.0d.net. (Post free, 1 Is. home , lls 2d. abroad.) 

THE' MANUFACTURE OF LAKE PIGMENTS 
FROM ARTIFICIAL COLOURS. By Francis H. 
Jf.nnison, F.I.C., F.C.S. Sixteen Coloured Plates, showing 
Specimens of Eighty-nine Colours, specially prepared from 
thf -^ipes given ip the Book. 1 136 pp. Demy Svo. price 
7s. e (t. (Post free, 8s. home; 8s. 2d. .ibroad.) 

THR MANUFACTURE OF MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manu¬ 
facture of all Artificial, Artists and Painters’ Colours, Enamel, 
Soot and Metallic Pigments. A text-book for Manufacturers, 
Merchants, Artists and Painters. By Dr. Josef Bf.kscm. 
Translated by A. C. Wright, M.A. (Oxon.), B.Sc. (Lond.). Forty- 
' three Illustrations. 476 pp. Demy Svo. Price 12s. fid. net. 
(Post free, 13s. home; 13s. (id. abroad.) 

RECIPES TOR THE COLOUR, PAINT, VARNISH, 

• OIL, SOAP AND DRYSALTERY TRADES, 

Compiled by An Analytical Chemist. 330 pp. Second Revised 
and Enlarged Edition. Demy Svo. Price 10s. fid. net. (Post 
fre**, lls. home ; 1 Is. 2d. abroad.) 

OIL COLOURS AND PRINTERS’ INKS. By Louis 

4 vEdcar Andks. Transited from the German. 215 pp. Crown 

• Svo. 56 Illustrations. R’ice .Ss.net. (Post free, 5s. 4d. home 

and abroad.) 1 



5 

*• 

.the' testing and valuation op# raw 
' MATERIALS used in paint and colour 

MALWACTURE. By.M. W. Jones, F.C.S. A 

Honk for the Lnbuftilnrii's «>f Colour Works. 88 pp. Crown 8vo. 
Price 5s. net. (Po^jt free,1is. 4d. home cud abroad*) 

THE MANUFACTURE; AND COMPARATIVE 
MERITS OP WHITE AEAD AND ZINC WHITE 
PAINTS. 1% G. Petit, Civil Engineer, etc. Trans¬ 
lated from the .french.. (5rown 8vo. 10U pp. I 1 [pee 4s. net. 
(Post free, 4s. 4d. httmc and^throad.) * 

PREPARATICJN AND USES OP WHITE ZINC 
PAINTS. ’ T ranslated from the French of P. Flkuky. 

Crown f?vo. 28d pages. Price (is. net (Post free, (is, 5d. home ; 
(is. (id. abroadJ 


(Varnishes and Drying Oils.) 

THE .MANUFACTURE OP VARNISHES AND 
KINDRED INDUSTRIES. By J. Gi-imas McIxtumh. 

Second, greatly enlarged, English Edition, in three Volumes, 
based on and including the work of' Ach. J.i\ache. 


Volume 1. OIL CRUSHING, REFINING AND 
BOILING, THE MANUFACTURE OP LINO¬ 
LEUM, PRINTING .AND LITHOGRAPHIC 
INKS, AND INDIA-RUBBER SUBSTITUTES. 

Demy 8vo. [ Re Pi sc a Haitian in preparation. 

Volume II.—'VARNISH MATERIALS AND OIL¬ 
VARNISHMAKING. Demy 8vo. 70 Illustrations. 
220 pp. Price 10s. 0.1. net. iPost free. 1 Is. ho ne and abroad.) 

Volume III.-SPIRIT VARNISHES AND SPIRIT 
VARNISH MATERIALS Bt-mj 8vo. Illustrated. 

404 pp. Price 12s (id. net. (Post free, I3.s. home; 13s. 2d. 
abroad.) 

DRYING OILSt BOILED OIL AND SOLIlJ AND 
LIQUID DRI&RS. By L. li. AnoAk. Expressly 

Written for this Series of Spee.al Technical Hooks, and the 
Publishers hold the Copyright lor English and Foreign Editions. 
Second Revised Edition. Foity-threc Illustrations. 352 pp. 
DcrUy 8vo. Price 12s. (id. r»t. . (Post free, 13s. home ; 13s. 2d. 
abroad.) 


(Analfkis of* Resins, see paf>c 9.) 



<3 


(Oils,-Fats, Waxes, Greases, Petroleum.) 

LUBRICATING OILS, FATS AND GREASES: 

Their Origin, Preparation, Properties, Uses and Analyses. A 
Handbook for Oil Manufacturers, RefineiS and Merchants, and 
f the Oil and Fat Industry in General. By Gbokgk H. Horst, 
F.C.S. Third Revised and Enlarged Edition. Seventy-four 
lllustratr ns. 384 pp. Demy n 8vo. Price 10s. (id. net. (Post 
free, 11s. home ; 11s. 2 I. abroad.* 

MINERAia WAXES: Their Preparation and Uses. By 
„ Rudolf Grkgokius. Translated front the German. Crown 8vo. 
250 pp. 32 Illustrations. Price 6s. net. (Post free, Os. rid. 
home ; 6s. 6d. abroad.) 

THE PRACTICAL COMPOUNDING OF OILS, 
TALLOW AND GREASE FOR LUBRICA 
TION, ETC. By An Fixplht Oil Rk.’inkk, Second 

Edition. Demy Svo. 100 pp. Price 7s. (xl. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Bkcsm-.r. Translated from the Sixth German Edition. 
Second English Edition. Crown Svo. 188 pp. 10 Illustrations. 
Price 7s. 6d. net. iPost Irce, 8s. home and abroad.) 

THE OIL MERCHANTS’ MANUAL AND OIL 
TRADE READY RECKONER. Compiled by 

Frank F. Siikhrii-t. Second Edition Revised and Enlarged. 
Demy Svo. 214 pp. With Two Sheets of Tables. Price 7s. 6d. 
net. (Post free, 8s. hi^nc ; 8s. 2d. abroad.) 

ANIMAL FATS AND OILS: Their Practical Pro¬ 
duction. Purification'and Uses for a great Variety of Purposes. 
Their Properties, Falsification and Examination. Translated 
from the German of Louis Edgar Andf.s. Sixty-two Illustrations. 
240 pp. Second Edition, Revised and Enlarged. Demy 8vo. 
Price 10s. 6d. net. (Post free, 11s. home and abroad.) m 

VEGETABLE FATS AND OILS: Their Practical 

Preparation, Purification and Employment for Various Purposes, 

( their Properties, Adulteration and Examination, "Translated 
from the German of Louis Edgar Andkf Ninety-tour Ulus* 
tratiois. 340 pp. Second Edition, Demy Svo. Price 10s. fid. 
net. (Post free, 11s. home; 11s. 2d. abroad.) ' 

EDIBLE FATS AND OILS : Their Composition, Manu¬ 
facture and Analysis. By W. H. Simmons, B.Sc. (Logd.),*and* 
C. A. Mitchbll, B.A. (Oxon./. Demy 8vo. 150 pp. Price 
7s. 6d. net. (Post free, 7s. lOd. home and abroad.) 

For contents of these hooks , see fist 1. 
c 



7 


(Glycerine.) 

GLYfeEflfNE: Its Production, Uses, and Examination. 

By S. \V. Kom:. Transited from the Second German Edition. 
2H() pp. 7 Illustrations. Crown 8vo. thrice 7s. fid. net (Post 
free, 8s. home am> abroad.) 


(Essential tjils and Perfumes.) 

THE CHEMISTRY OF ESSENTIAL OILS AND 
ARTIFICIAL PERFUMES. By Brsest J. Pakky, 

B.Sc. (Uond.), F.I.C. RC.S. Second Edition, Revised and 
Enlarjjcd. 552 pp. 20 Illustrations. Demy 8vo. Price 12s. fid. 
net. (Post fijye, Ids. ld.diomc; Ids. Sd. abroad.) 


(Soap Manufacture.) 

• 

SOAPS. A Practical Manual ol the Manufacture^ of 

Domestic,Toilet and other Soaps. By Geokoi H. Hurst, F.C.S. 
2nd edition. dOO pp. (SB Illustrations. Demy Nvo. Price 12s. 6d. 
net. (Post free, Ids. home; Ids. 2d. abroad.) 

TEXTILE SOAPS AND OILS. Handbook on the 

Preparation. Properties and Ayalysis of the Soaps and Oils used 
in Textile ManufAluring, Dyeing and Printing. By George 
H. Hurst, F.C.S. Second Edition, Revised and partly re 
written by VV. H. Simmons, B.Sc. (fiond.). Demy 8vo. 200 pp. 
11 Illustrations. Price 7s. fid. net. (Post free, 8s. home and 
abroad.) 

THE HANDBOOK OF SOAP MANUFACTURE. 

By H. Simmons, B?fec. (Bond.), F.C.S.,and H. A. Appleton. 
Demy 8vo. 160 pp 27 Illustrations. Price 8s. fid. net. (Post 
free, Os. home and abroad.) 


(Cosmetical Preparations.) 

COSMETICS: MANUFACTURE, EMPLOYMENT 
AND TESTING OF ALL COSMETIC 
MATERIALS AND qOSMETIC SPECIALITIES. 

Translated from the^Gcrmnn of Dr. Theodor Roller. Crown 
8vo. 2fi2 pp. Price 5s. n#t. (Post free, 5s. 5d. home: 5s. fid. 
abroad,) 



(Glne, Bone Products and Manures.) . 

GLUE AND GLUE TESTING. By Sa m ex i. Rideal, 

D.Sc. (Lond.). Second Edition’, Revised and Enlarged. ‘Demy 
Svo. 196 np. 14 Illustrations. Price 10s.6d.net. (Post free, 

1 Is. home and abroad.) ' , 

BON? PRODUCTS AND MANURES: An Account 

of the ippst recent Improvements in the Manufacture of Fat,# 
Glue, Animal Charcoal, Sire, Gelatine and Manures. By Thomas 
La mu i.r r, Technical and Consulting Chemist Second Revised 
Edition.'• Deinv iSj.o. 172 pages 17 lllustia ions. Price 7s. 6d. 
net. (Post tree, Ss. home and abroad.) 

{Sec also CIn muni Mamin s. /•. 0.) 

(Chemicals, Waste Products, etc.) 

REISSUE OI ; CHEMICAL ’ESSAYS- OP C. W,. 
SCHEELE. Hirst Published iv. English in 1786. 

Translated from the Academy of Sciences at Stockholm, with 
Additions. 200 pp. Demy Svo. Prue5s.net. (Post free, 5s. 6d. 
home and abroad. I 

THE MANUFACTURE OF ALUM AND THE SUL- 
PHATES AND OTHER SALTS OF ALUMINA 
AND IRON. Their Uses and Applications as Mordants 
in Djcmg and Calico Printing and their other Applications in 
the Arts, Manufactures, Sanitary Engineering. Agriculture and 
Horticulture. Translated from the French of Lucifn Gksch- 
Wi.m 105 Illustrations. 400 pp. Royal Svo. Price 12s. 6d. 
net. (Post free, 12s. hon\c IJls. 2d. abroad.) 

AMMONIA AND ITS COMPOUNDS: Their Alanu- 

facturc and Uses. R$’ Camii.i.u ViNcr.sr, Professor at the 
Central School of Arts and Manufactures. Paris. Transla^d 
lrom the French l>) M. J. Sai/iuu. Royal Svo. 114 pp. Thirty- 
two Illustrations. 1 Vue 5s. net. (Post free, 5s. 5d. home; 
5s. 8d. abroad.) 

CHEMICAL WORKS . Their .Design, Erection. and 

Equipment. Ii\ S. S. Dyson and S. S. Ci.auksox. Royal Svo. 
22u pp. Willi 9 Folding Plates and 80 Illustrations. Price 21s* 
net. (Post free, 21s. (id. home; 21s tod. abroad.) 

MANUAL OF CHEMICAL ANALYSIS, as applied to 

the Assay of Fuels, Ores, Metals. Alloys. Salts and other Mineral 
* Products. By E. Pkosi, D.Sc. Translated Jiy J. Chuickshank* 
Smith* D.Sc. Royal Svo. 200 pages. 4*?* Illustrations. Price 
12s. 6d. net. ^Post free, 13s. home ; 12s. 4d. abroad.) 

TESTING OF CHEMICAL REAGENTS FOR 
PURITY. Translated from the German of Dr. «C. , 
Krauch. Royal 8vo. 250 pagps.«, Price I2s. 6d. net. (Pdlt free, 
13s. home ; 13s. 4d. abroad.) r r « 



SHALE OILS AND TARS and their Proddfcts. By 

Dr. ScH KITH AUER. Translated from the German. Demy 8vo. 

. Ijx) pagdfe. 70 Illustrations jiryl 4 Diagrams. Price 8s. fid. net. 
(Post free, 9s. hoifke and egbroad.) 

THE BY-PRODlfCTS OF COAL-GAS MANUFAC- 
TURE. By I\. R. Langs. Translated from the G$rnAn. 

Crown 8vo. 184 pages. 13 Illustrations. Price6B.net. (Post 
free, 5s. 4d. hoipe and abroad.) 

INDUSTRIAL*ALCOH®L. A Practical Manual on the 

Production and Use of Alcohol for Industrial Purposes and for 
Use as a Heating Agent, as an Uluminanl^tnd as a Source of 
Motive Powct. By J. G. McIntosh. Dcmy8vo. 1907. 250 pp. 
With 75«Illflstrations and 25 Tables. Price 7s. fid. net. (Post 
free, 81. home and abroad.) 

*THE UTILISATIpN OF WASTE PRODUCTS. A 

Treatise on the Rational Utilisation, Recovery and Treatment of 
Waste Products of all kinds. By Dr. Thkodor Roller. Trans¬ 
lated from the Second Revised German Edition. Second English 
Revised Edition. Demy Svo. 336 pp.* 22 Illustrations. Price 
7stfid. net. (Post free, 8s. home; 8s. 2d. abroad.) 

ANALYSIS OF RESINS AND BALSAMS. Trans¬ 
lated from the German of Dr. Karl Diktkricii. Demy 8vo. 340 
pp. Price 7s. fid. net. (Post free, 8s. home and abroad.) 

DISTILLATION OF RESINS, RESINATE LAKES 
AND PIGMENTS, CARBON PIGMENTS AND 
PIGMENTS FOR TYPEWRITING MACHINES, 
MANIFOLDERS, ETC. % Victor Schwkizer. 

Demy Svo. [New Revised Edition in preparation. 

DISINFECTION AND DISINFECTANTS. By M. 

Christian. Translated from the German. Crown Svo. 112 
pages. 18 Illustrations. PriccSs.net. (Post free, 5s. 4d. home 
and abroad.) 

(Agricultural Chemistry and Manures.) 

MANUAL OF AGRICULTURAL CHEMISTRY. By 

Herbert Inole. P.I.C., Late Lecturer on AgrimlturalChemistry, 
the Leeds‘University; Lecturer in the Victoria University. 
Third and Revised Edition. 400 pp 16 Illustrations. Demy 
Svo. Price 7s. 6d. net. (Post free, 8s. home; 8s. 2d. abroad.) 

• 

CHEMICAL MANipjEjS. •Translated from the French 
i ofJ. Fritsch. Denfy*8vo. Illustrated. 340 pp. Price 10s. 6d. 
net. (Post free, Us. home' 11s. 2d. abroad.) 

* (Stt alif !ion‘ Products and Matures, f. 8.) 



(Writing Inks and Sealing Waxes.) 

INK MANUFACTURE: f Including Writing,''Copying, 

Lithographic, Marking, Stamping and Laundry Inks. By 
Sigmund Lkhnhr. Translated from tht German of the Fifth 
Edition. Second Revised and Enlarged English Edition. 
Crpwn8vo. 180 pages. Three Illustrations. Pricc5s.net. (Post 
free, 5s. 4d. home and abroad.)'*' , 

SEALING-WAXES, WAFERS AND OTHER 
ADHESIVES FOR THE HOUSEHOLD, OFFICE, 
WORKSHOP AND FACTORY. By H. C. Standage. 

Crown 8vo. 96*pp. Price 5s. net. (Post free, 5s. 5d. home and 
abroad.) 

(Lead Ores and Lead Compounds.) 
LEAD AND ITS COMPOUNDS... By T,hos. Lamijkkt.' 

Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty 
Illustrations. Price 7s. 6d. net. (Post free, 8s. home and abroad.) 

NOTES ON LEAL ORES: Their Distribution and Pro¬ 
perties. By Jas. Fairie, F.G.S. Crown 8vo. 64 pages. 0 Price 
*s. net. (Post free, Is. 4d. home and abroad.) 

(White Lead and Zim White Paints, see />. 5.) 

(Industrial Hygiene.) 

THE RISKS AND DANGERS TO HEALTH OF 
VARIOUS OCCUPATIONS AND THEIR PRE¬ 
VENTION. By JLeonakd A. Barky, M.D., B.Sc. 

(Lond.). 196 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. ll)d. home and abroad.) * 

(Industrial Uses of Air, Steam and 
Water.; 

DRYING BY MEANS OF AIR AND STEAM. Ex' 

planations, Formula;, and Tables for Use in Practice. Trans¬ 
lated from the German of E. Hausbrand. Second Revised 
English Edition. Two folding Diagrams, Thirteen Tables, and 
1 Two illustrations. Crown 8vo. 76 pp. Pcice 5s. net. (Post, 
free, 5,s. 4d. home and abroad.) * 

(See also “ Evaporating, Condensing and Cooling Apparatus," p. 18.) 

PURE AIR, OZONE AND WATER. A Practical 

Treatise of their Utilisation and Value in Oil, Grease, Soap, Paint, , 
Glue and other Industries. -By'W. B. Cowell. TweMfc Illus¬ 
trations. Crown 8vo. 85 pp. Price'S*, net. (Post free, 5s. 5<L 
home; £s. 6d.abroad.) * * 

Fo, contents of these books^ see Lhi III. 


11 

if 

THE INDUSTRIAL USES OP WATER. C03IP0SI- 
■ TION - EFFECTS—TROUBLES—REMEDIES— 
RESIDUARY WATERS—PURIFICATION—AN¬ 
ALYSIS. By*H. »|J la Coux. Royal 8vo. Trans¬ 
lated from the French and Revised by Arthur M&rris. 364 pp. 
135 Illustrations* Price 10s. 6d. net. (Post free, 11s. home; 

11 s. fid. abroad.) 

(vSYr Books on Smoko Prevention, Engineering and Metallurgy,?. ih.J 

(X*£ays.) 

, PRACTICAL X RAY WORK. By Prank T. Addyman, 

HHKAB.Sc. (Lond.), F.I.C., Member of the Rocntgcif Society of Iamdon; 

• ■ Radiograph^*to St. Georges Hospital; Demonstrator of Physics 
VIM and Chemistry, and Teacher of Radiography in St. George’s 
1 Hospiftil Medical School. Demy 8vo. ‘Twelve Plates from 
Photographs<of X Ray Work. Fitty-two Illustrations. 200 pp. 
Price 10s. fit^ net. JJPost free, 11s. home; 11s 2d. abroad.) 

(India-Rubber and Gutta Percha.) 

INDIA-RUBBER AND GUTTA/PERCHA. Second 

Rifglish Edition, Revised and Enlarged. Based on the French 
work of T. Skeligmann, G. Lamy Torrilhon and H. FalcoAnet 
by John Gkddes McIntosh. Royal 8vo. 100 Illustrations. 400 
plages. Price 12s. 6d. net. (Post free, 13s. Id. home; 13s. 8d. 
abroad.) 

(Leather Trades.) 

THE LEATHER WORKER’S MANUAL. Being a 

Compendium of Practical Recipes and Working Formulm for 
Curriers, Bootmakers, Leather Dirtsscrs, Blacking Manufac¬ 
turers, Saddlers, Fancy Leather Workers. By H. C. Standage. 
Demy 8vo. 165 pp. Price 7s. 6d. n-t. (Post free, 8s. home 
and abroad.) 

(Sre also Manufacture of Shoe Polishes, Leather Dressings, etc., p. 6.) 

(Pottery, Bricks, Tiles, Glass, etc.) 

MODERN BRICKMAKING. By Alfred B. Sbarlf., 

Royal 8vo. 440 pages. 260 Illustrations. Price 12s. 6d. net. 
(Post *cc, 13s. Id. home; 13s. 7d. abroad.) . 

fl?HE MANUAL OF PRACTICAL POTTING. Com¬ 
piled by Experts, ;fnd Edited by Chas. F. Binns, Fourth Edition, 
Revised and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net. 
(Post free, 18s. home; 18s. 2d. abroad.) 

. POTTERY DECORATING. A Description of all the Pro¬ 
cesses for Decorating Pottery s*id Porcelain. By R. Hainbach. 
Translated from the tJcrfhan. Crown 8vo. 250 pp. Twenty- 
two Illustrations, Mrice *s. 6d. net. (Post free. 8s. home 
8s. 2d. abroad.) 
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A TREATISE ON CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile, and Brick Manufacturers. By 
Emilk Bourry. A Revised Translation from the French, with 
some Critical Notes by Alfred B. SeauLE. Demy 8vo. 308 
Illustrations. 460 p;. Price 12s. (Sd. net (Post free, 13s. home; 
13s. 6d. abroad.) 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, 

Enamelled Terra cottas, Ordinary and Incrusted Quarries, Stone¬ 
ware Mosaics, Faiences and Architectural Stoneware. By Leon 
LF.pftvRE. Translated from the french by K. H. Bird, M.A., 
and W. Moore BtNNS. With FTVe Plates. ** 950 Illustrations in 
the Text, and numerous estimates. 500 pp. Royal 8vo. Price 
15s. net. (Post free, 15s. 7d. home; 16s. 4d. abroad.) 

THE ART OP RIVETING GLASS, CH T NA AND 
EARTHENWARE. By J. Howoitm ' SeconJ 

Edition. Paper Cover. Pricels.net. (By post, home or abroad, 
Is. 2d.) 

NOTES ON POTTERY CLAYS. The Distribution, 

Properties, Uses and Analyses of Ball Clays, China Clays and 
China Stone. By C\s. Fairik, F.G.S. 132 pp. Crown 8vo. 
Price 3s. 6d. net. (Post free, 4s. home and abroad.) 

HOW TO ANALYSE CLAY. By H. M. Ashby. Demy 
8vo. 72 pp. 20 Illustrations. Price 3s. fid. net. (Post free, 
3s. lOd. home and abroad.) 

A Reissue of 

THE HISTORY OF THE STAFFORDSHIRE POT- 
TERIES; AND THE RISE AND PROGRESS 
OP THE MANUFACTURE OP POTTERY AND 
PORCELAIN. With References to Genuine Specimens, 

and Notices of Eminc t Potters. By Simeon Shaw. (Originally 
published in 1829.) 285 pp. Deray 8vo. Price 5s. net. (Post 
free, 5s. Sd. home; 5s. lOd. abroad.) 

A Reissue of 

THE CHEMISTRY OP THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM¬ 
POUNDS USED IN MANUFACTURING POR¬ 
CELAIN, GLASS AND POTTERY. By Simeon 

Shaw.- (Originally published in 1837.) 750 pp. Royal 8vo. 

Price 10s. net. (Post free, 10s. 7d. home; 11s. 8d. abroad.) 

BRITISH POTTERY MARKS. By G. Woollisckoft 

Rheau. Demy 8vo. 310 pp. With over Twelve-hundred Illus¬ 
trations of Marks. Price 7s. 6d net. (Post free, 8s. home; 
3s. 4d. abroad.) 

For contorts of these books, see List 111. 
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(Glassware, Glass Staining and Painting.) 

RECIPES, FOR FLINT GLASS MAKING. By a 

British Glass Master and M«x’er': Sixty Recipes. Being Leaves 
from the Mixing Book of several expert^n the Flint Glass Trade, 
containing up-to-jiatc recipes and valuable information as to 
Crystal, Demi-crystal and Coloured Glass in its many varieties. 
It contains the recipes for tfi^ap metal suited to pressing, blow¬ 
ing, etc., as well as the mo*st costly crystal and iuby. Second 
Edition. Crow» 8vo. Price 10s. bd. net. (Post free, 10s. lOd. 
home and abro^.) * *• 

A TREATISE ON TH^ ART OF GLASS PAINT- 
ING. Prefaced with a Review of Ansient Glass. By 
Kmnest R. Suppling. With One Coloured Plate and Thirty- 
seven Illustrations. Demy 8vo. 140 pp. Price 7s. fid. net. 
(Post flee, 8s. home and abroad.) * 

(Paper Making and Testing.) 

THE PAPER MILL CHEMIST. By Hknky P. Stevens, 

M.A.. Ph.D., F.I.C. Royal 12mo. 60 Illustrations. 300 pp. 

Price 7s. bd. net. (Post free, 7s. lOd. h£me ; 8s. abroad.) 

THE* TREATMENT OF PAPER FOR SPECIAL 
PURPOSES. By L. E. Andes. Translated fronT'tlie 

German. Crown Svo. 48 Illustrations. 250 pp. Price bs. net. 
'(Post free, 6s. 5d. home; bs. fid. abroad.) 

(Enamelling on Metal.) 

ENAMELS AND ENAMELLING. For Enamel 

Makers, Workers in Gold and Silver, and Manufacturers of 
Objects of Art. liy Paul Randju. Second and Revised 
Edition. Translated from the German. With IS Illustrations. 
Demy Svo. 200 pp. Price 10s. (id. net. (Post free, 11s. home; 

1 Is. 2d. abroad.) * 

THE ART OF ENAMELLING ON METAL. By 

W. JJorman Drown. Second Edition, Revised. Crown 8vo. 
60 pp. Price 3s. 6d. net. (Post free, 3s. lOd. home and abroad.) 

(Textile Subjects.) 

THE FINISHING OF TEXTILE FABRICS (Woollen, 

Worsted, Union, and other Cloths). By Roberts Bbauho.it, 
M.Sc., M.I.Mcdhg. With 150 Illustrations of Fibres, Yarns 
and Fabricst also Sectional and other Draw'ngs ot Finishing 
Machinery. Demy Svo. 260 pp. Pncel0s.6d.net. (Post free, 
11s. home; 11 s. 2d. abroad.) 

■ STANDARD CLOTHS: Structure and Manufacture 
(General, Military and, Natflil)." By Roberts Beaumont, M.Sc., 
M.l.Mcch.E. 342 pfi. Numerous Illustrations. _ 16 Plates in 
Monochrome and Colour. Demv Svo Pritel2s.6d.net. (Post 
free. Ifts. home; Vis. 4d. abroad.) 
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FIBRES USED IN TEXTILE AND ALLIED IN- ’ 
DUSTRIES. By C. Ainsworth Mitchpj.i,, B.A. 

(Oxon.), P.I.C., and R. M. PpipKAUx, F I.C. Willi Hfi IHustrn- 
tions specially drawn direct frtfm the r Fibres. Demy 8vo. 
200 pp. Price 7s. 6(k net. (Post ff’ee, 8s f home ; 8s. 2d. abroad.) 

DRESSINGS AND FINISHINGS FOR TEXTILE 
FABRJPS AND THEI-k APPLICATION. De- 

scription of all the Materials used in Dressing Textiles: Their 
Special Properties, the preparation of Dressings and their em¬ 
ployment in Finishing Linen, CoOtoif, Woollfifi and Silk Fabrics. 
Fireproof and Waterproof Dressings, together with the principal 5 
machinery employed. Translated from the Third German 
Edition of Friedrich Polleyn DemySvr. 280pp. Sixty- 
Illustrations. Price 7s. 8d. net. (Post free, 8’s. home; 8s. 2d. 
abroad.) * ' = 

POWER-LOOM WEAVING ANDJARN NUMBER¬ 
ING, According to Various Systems, with Conversion 
Tables. Translated from the German o^Anthon Gruner. With 
Twenty-six Diagrams in Colours. 150 pp. Crown Svo. Price 
7s. 6d. net. (Post frtp, 7s. lid. home; 8s. abroad.) 

TEXTILE RAW MATERIALS AND THEIR CON¬ 
VERSION INTO YARNS. (The Study of the Raw 

Materials and the Technology of the Spinning Process.) ■ By 
Julius Zipsrr. Translated from German by Charles Salter. 
302 Illustrations. 500 pp. Demy 8vo. Price 10s. 6d. net. 
(Post free, 11s. Id. home ; 11s. 8d. abroad.) 

GRAMMAR OF TEXTILE DESIGN. By H. Nisbkt, 

Weaving and Designing Master, Bolton Municipal Technical 
School. Demy Svo. $80 pp. 490 Illustrations and Diagrams. 
Price 6s. net. (Post free, 6s. 5d. home; 6s. 8d. abroad.) 

ART NEEDLEWORK AND DESIGN. POINT 
LACE. A Manual of Applied Art for Secondary Schools 
and Continuation Classes. By W. E. Wilkinson. Oblong 
quarto. With 22 Plates. Bound in Art Linen. Price 3s. 6d. 
net. (Post free, 4s. home and abroad.) 1 

HOME LACE-MAKING. A Handbook for Teachers and 
Pupils. By M. E. W. Milroy. Crown Svo. 64 pn„ With 3 
i Platt** and 9 Diagrams. \Revised Edition in preparation^ 

CHURCH LA.CE. By M. E. W. Milroy. • in preparation. 

THE CHEMISTRY OF HAT MANUFACTURING. 

Lectures delivered before the Hat Manufacturers’ Association. # 
By Watson Smith, F.C.S.. FJ.C. Revised and Edited by 
Albert Shonk. Crown 8vo. 1342 pp* .16 Illustrations. Priqp 
7s. 6d. net. (Post free, 7s. lid. home ^8s. abroad.) , 

* For contests of these books , see L^t II. * 



;the .technical testing op yarns' and 

TEX'^IJLE FABRICS. With Reference to Official 

Specifications. Translated, from' the German of Dr. J. Herzfei.I). 
Second Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 
Price 10s. fid net.^ fPost free, 11s. home; I Is. 2d. abroad.) 

DECORATIVE AND FAJSTCY TEXTILE FABRICS. 

By R. T. I.oro. For Manula?turers and Designcia.of Carpets, 
Damask, Dressyind all Textile Fabrics. 200 pp. Demy 8vo. 
132 Designs and Illustrations. Price 7s. fid. net. (Post free, 
8s. home; 8s. 2ft? abroad’) ■* a 

'THEORY AND PRACTICE OF DAMASK WEAV¬ 
ING. By"*H. Kinzkk' and K. Wai.tkk. Royal 8vo. 

Eightegn*Folding Plates. Six Illustrations. Translated from 
the German. 110 pp. Price 8s. fid. net. (post free, 9s. home ; 
9s. 2d. abroach) 

FAULTS IN f HE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By 

Nicolas Reiser. Translated from the^ccond German Edition. 
Crown 8vo. Sixty-three Illustrations. #170 pp. Price 5s. net. 
(Post free, 5s. 5d. home : 5s. 6d. abroad.) 

, SPINNING AND WEAVING CALCULATIONS, 

especially relating to Woollens. From the German of N. 
Reiser. Thirty-four Illustrations. Tables. 160 pp. Demy 
8vo. 1904. Price 10s.Bd.net. (Post free, 11s. home; 11s. 2d. 
abroad.) 

WORSTED SPH^NERS* PRACTICAL HANDBOOK. 

By H. Turner. 148 pp. 54 Drawings. Crown 8vo. Price 6s. 
net. (Post free, 6s. 5d. home; (is. Bd. abroad.) 

ANALYSIS OF WOVEN FABRICS. By A. F. Barker, 

M.Sc., and E. Mi do ley. DcmySvo. 316 pp. Numerous Tables, 
Examples and 82 Illustrations. Price 7s. Bd. net. (Post free, 
8s. hpmc : 8s. 4d. abroach) 

WATERPROOFING OF FABRICS. By Dr. S. Mihk- 

zinski. Second Edition, Revised and Enlarged. Crown 8vo. 
140 pp. 29 Ulus. Price 5s. net. (Post free, 5s. 5d. home; 
5s. (Id. abroad.) 

SOW TO MAKE A WOOLLEN MILL PAY By 

John Mackae, Crown Svo. 76 pp. Price IV- Gt-f- Act. (Post 
free, 3s. lOd. home and abroad.) 

YARN AND WARP SIZING IN ALL ITS 
BRANCHES. Translated from the German of Carl 

Kretschmar. Roytd *8vo.* 123 Illustrations. 151) pp. Price 

10s. fid. net. (Post fnpe, 11*. home; 11s. 4d. abroad.) 

' (For “ Textile Soaps and Oils U sec p t 7.) 



. (Dyeing, Colour Printing, Matching 
and Dye-stuffs.) 

THE COLOUR PRINTING OP CARPET YARNS. 

Manual for Colour Chemists ancf TextI'a Printers. By David 
Paterson, F.C.S. Seventeen Illustrations. 136 pp. Demy 
" 8vo. Price 7s. 6d. net. (Post £ee, 8s. home and abroad.) 

TEXTILE COLOUR MIXING. By David Paterson, 

F.R.S.E., F.C.S. Formerly published undo, title of “ Science of 
Colour fixing ”. Second Revised Edition. fc Demy 8vo. 140 pp. 
41 Illustrations, With 5 Coloured Plates and 4 Plates showing 
Dyed Specimens. Price 7s. 6d. net. (Post free, 8s. home 
8s. 2d. abroad.') 

DYERS’ MATERIALS : An Introduction to the Examina- 

tion, Evaluation and Application of the most imp irtant Sub- 
stances used in Dyeing, Printing, Bleaching and Finishing. By 
Paul Hkhrman, Ph.D. Translated from the 'German by A. C. 
Wright, M.A. (Oxon).. B.Sc. (Lond.). Twentyffour Illustrations. 
Crown 8vo. 150 pp. Price 5s.net. (Post free, 5s. 5d. home; 
5s. 6d. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual 

intended for the use of Students of Colour Chemistry, DyLing and 
Textile Printing. By David Paterson. F.C.S. Coloured Frontis¬ 
piece. Twenty-nine Illustrations and Fourteen Specimens Of 
Dyed Fabrics. Dcmv 8vo. 132 pp. Price 7s. fid. net. (Post 
free, 8s. home and abroad.) 

COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurst. With Eleven 

Coloured Plates and Seventj^two Illustrations. Second Kdition. 
Demy 8vo. 168 pp. Price 7s. 6d. net. (Post free, 8s. home; 
8s. 2d. abroad.) % 

Reissue of 

THE ART OF DYEING WOOL, SILK AND 
COTTON, Translated from the French of M. Hellot, 
M. Macquer nnd M. le Pilkur D’Apliony. First Published in 
English in 1789. Six Plates. Dcmv 8vo. 446 pp. Price5s.nct. 
(Post free, 5s. fid. home; fis. 4d. abroad.) 

THE CHEMISTRY OF DYE-STUFFS. By Dr. Gbors 

Von Gkorgirvics. Translated from the Second German Edition. 
412 pp. Demy 8vo. Price 10s. fid. net. (Post free, 11s. home; 
11s. 4d. abroad.) 

THE DYEING OF COTTON FABRICS : A PracticqJ 

Handbook for the Dyer and Student, py Franklin Beech, 
Practical Cciourist and Chemist. 272 pp. Second Revised 
Edition. Price 10s. fid. net. (Post free, 11s. home; 11s. 2d. 
abroad.) 

THE DYEING OF WOOLLEN FABRICS. By 

Franklin Bef.cii, Practical Colourist and Chemist. Thirty- 
three Illustrations. Demy 8vo.’ 228. pp. Price 7s. 6d. n«t, 
(Post fpee, 8s. home; 8s. 2d. abroad.) i * 

Fonrontenls of these books , see Lis' II. 



17 

\' 

(Silk Manufacture.) 

•silk' throwing and waste silk SPIN- 

NING. * By Huu.ins Bawckr. Demy 8vo. 170 pp. 
117 Ulus. Price ns. net. (Vost free, ns. .^j. home; §s. 8d. abroad.) 

(Bleaching and Bleaching Agents.) 

A PRACTICAL TREATHSp ON THE BLEACHING 

* OF LINEN AND COTTON YARN AND FABRICS. 

By L. Taim'Lk? Chemical and • Mechanical Engineer. Trans¬ 
lated from the linench by.ItJyN (Jr.nDHS A^Intosh. • Demy Svo. 
Second Reused Edition. 370 pp. Price In-,, net. (Post Iree, 

• Ins. 0d. honit*: 10s abroad > • 

MODERN BI 4 EACHINQ AGENTS AND DETER¬ 
GENTS * By Professor Max Bottlf.k. Translated 

from tA- German Crown Svo. 10 Illustrations l(i() pages. 
Price ns. net .(Post tree,5s nd. home, 5.-. (id. abroad ) 

(Cotton Spinning, Cotton Waste and 
Cofton Combing.) 

COTTON SPINNING (F irst ^jhir). By Thomas 
Th#knli y, Spinning .Master, Bolton Technical School. 160 pp. 
84 lllustiations. Crown Svo. Second Impression Price # 3s. 
net iPo*-t free, 3s. nd. home; 3s. (id. abroad l 

•COTTON SPINNING (Intermediate, or Second Year). 

ByT.TiioitM.KY. Third Edition, Rcxised and Enlarged. 320 pp. 
114 Drawings. Crown Svo Price 7s. (id. net (Post live, 8s. 
home , 8s. 2.1. abroad.) 

COTTON SPINNING (Honours, or Third Year). By 

T. ThornM v. 21(§ pp 7 Mllustrations. Crown Svo. Second 
Edition. Piice5s.net. (Post Iree. ns. 5d. home, 5s nd. abroad.) 

COTTON COMBING MACHINES. By Thos. Thoun- 

•luy, Spinning .Master, Teelimtal School. Bolton. Demy Svo. 
117 Illustrations. 300 pp. Price 7s. fd net (Post free, Ss. 
home . Ss. 4d abroad ) 

COTTON WASTE : Its Production, Characteristics, 
Regulation. Opening, Carding, Spinuingand Weaving By Thomas 
Thorvley. Demy Svo. 2S6 pages lit) Illustrations. Price 7s fid. 
net. (Post free. Ss home; 8s. 4d. abroad 1 

THE RING SPINNING FRAME : GUIDE FOR 
OVERLOOKERS AND STUDENTS. By N. Booth. 

Crown ifco 7ti pages. IVtee Us. nrr. (Post free, 3s. 4J. hornc 
and abroad.) • 

(Flax, tiemp and Jute Spirtning.) 
MODERN FLAX. HEMP AND JUTE SPINNING 
AND TWISTING. A Practical Handbook for the use 
of Flax, Hemp and Jute Spinnprs, Thread, Twine and Hope 
Makers. By Hmtm nr H. (Jartcr, Mill Manager,Textile Expert 
and Engineer, Examine^ m Pfttx Spinning to the City and Guilds of 
London institute. Demy Svo. 1907. Vi'^h 92 1 llust I .itnms. 200 
pp. Price 7s. (Id. Jft. (Post free, 7s I Kfc home* Ss. 2d. abnjad.) 
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(Collieries and Mines, i 

RECOVERY WORK AFTER PIT FIRES. My Robert 

Lamprf.cht, Mining Engineer and Manager. Translated from 
the German. Illustrated by Six la£gc Plates, containing Seventy- 
six Illustrations. lVa pp. Demy 8vo. Price 10s. 6d. net. (Post 
free. 11s. home; 11s. 2d. abroad.) 

VENTILATION IN MINJjJS. By Robhkt Wabkbr, 

Mining Engineer. Translated from the German. Royal 8vo. 
Thirty Plates and Twenty-two Illustrations. 240 pp. Price 
10s. (id. net. (Post free, 11 s. home; 1 Is. (id. abroad.) 

THE ELECTRICAL EQUIPMENT Cti? COLLIERIES. 

By \Y. Galloway Duncan and David Pi.nman. Demy 8vo. 
310 pp 155 Illustrations and Diagrams. Price 10s. 6d. net. 
(Post free, 11s. home. 11s. 4d. abroad.) 

(Dental Metallurgy.) 

DENTAL METALLURGY. MANUAL FOR STU¬ 
DENTS AND DENTISTS. By A. B. Griffiths, 

Ph.D. Demy 8vo. Thirty-six Illustrations. 200 pp Price 
7s. (id. net (Post free, 8s. home; 8s. 2d. abroad.) 

(Engineering and Metallurgy.) 

THE PREVENTION OF SMOKE. Combined with 

the Economical Combustion of Fuel. By W. C. Pofflf.well, 
M.Se., A..M Inst., C.E , Consulting Engineer. Forty-six Illus¬ 
trations. PM) pp. Demv Svo Price 7s. (id. net (Post free, 
8s. home; 8s. 2d. abroad.) 

GAS AND COAL DUST FIRING. A Critical Review 

of the Various Appliances Patented in Germany lor this purpose 
since 1885. By Alueki PUTSCH. 130 pp. Deiny 8vo. Trans¬ 
lated from the German. With 103 Illustrations. Price 5s. net. 
(Post free, 5s. 5d. home: 5s. (id. abroad.) 

THE HARDENING AND TEMPERING OF STEEL 
IN THEORY AND PRACTICE. By Fridolin 

Rriser. Translated from the German of the Third Edition. 
Crown 8vo. 120 pp. Price 5s. net.» (Post free, 5s. 4d. home and 
abroad.) 

SIDEROLOGY: THE SCIENCE OF IRON (The 

Constitution of Iron Alloys and Slags). Translated from 
German of Hanns Freiherr v. Juptner. 350 pp. Demy Svo. 
Eleven Plates and Ten Illustrations. Price 10s. (id, net. (Post 
w free,'Tils home; 11s. 4d. abroad.) 

EVAPORATING, CONDENSING sAND COOLING 
APPARATUS. Explanations, Formula- and Tables 
for Use in Practice. By E. Hausbrakii, Engineer. Translated 
by A. C. Wright, M.A. (Oxon.), B.Sc. (bond.). With Twenty- 
one Illustrations and Seventy-six Tables. Second English Edition. 1 
Revised with Conversion Diagrams fi yr Converting from Metric to 
British Units. 400 pp Demy 8v(>. Price 12s. (id. net. (Post frtfe, 
13s. home; 13s.(id. abroad.) 

For contents \)f these hooks , see Lists'II and III. 



(The “ Bijoadway ” Series of Engineering 
* t Handbooks.) 

Uniform in Siz$: Narrow Crown 8v6. (Pocket Size.) 
Vulumb I. -ELEMENTARY PRINCIPLES OP RE¬ 
INFORCED Concrete construction. By 

Ewaht S. Andrkws, B Sc. Eng. (Lend.). 200 pages. ^Vil^57 
Illustrations. Numerous T^Wes and Worked Exiy^plesf Price 
3s. net. (Post free, 3s. 5d. home; 3s. fid. abroad.) 

Volume II.— GAS ANIJ OIL ENGINES. By A. 

Kikschkil '^Ruislatefl a*d Reviseu fi»m the tiernian. and 
adapted to British practice. IfiO pages. 55 Illustrations. 
Price 3s. net. (Post free, 3s. 5d. home; 3s. #d. abroad.) 

.Volume III.-* IRON AND STEEL CONSTRUC¬ 
TIONAL* WORK. By K. Schindler. Translated 

and Revised Ironi the German, and adapted to Bntisb practice. 
140 pages. 415 Illustrations. Price 3s. fid. net. (Post Iree, 
3s. lid. homf, 4s, abroad.) * 

Volume IV - TOOTHED GEARING. By G. T. White, 

B.Sc. (Lund.). 220 pages. 13fi Illustrations. Pnce3s.fid.net. 
(Post free, 3s. 1 Id. home , 4s. abroad.) m 
Volume V.— STEAM TURBINES: Their Theory and 
Construction. B\ H. Wii.ua. Translated from the German; 
Revised and adapted to British practice. 200 pages. 104 Illustra¬ 
tions. Price 3s. fid. net. (Post free, 3s. 1 LI. home , 4s abroad.) 

Volume VI. CRANES AND HOISTS. Their Construc¬ 
tion and Calculation. By H. Wilda. Translated from the German : 
revised and adapted to British practice. Ififi pages. 300 Illustra¬ 
tions. Price 3s. fid. net. (Post free, 3s. ILL home: 4s. abroad.) 

Vo i.i me VII. FOJJNDRY • MACHINERY. By E. 

Tkf.hiek. Translated from the German ; revised and adapted to 
British practice. 148 pages. 51 Illustrations. Priee3s.fid.net. 
^ (Post free, 3s. 1 Id. home : 4s. abroad.) 

Volume VIII. MOTOR CAR MECHANISM. By 

W. E. DouMH-rr. \\ h.K\., A.M J.A.E. 200 pages. 102 Illustra¬ 
tions. Pnce3s.fid.net. (Post free. 3s. lid. home: is. abroad.) 

Volumi* IX. - ELEMENTARY PRINCIPLES OF 
ILLUMINATION AND ARTIFICIAL LIGHTING. 

1 By A. Blok, B.Se. 240 pages. 124 Illustrations and Diagrams 
and l Folding Plate. Price 3s. fid. net. (Post tree, 3s. lid. 
home ; 4s. abroad ) 

Volume HYDRAULICS. By H. H. Sprague, 

► A.M.I.C.E. lOifrpages. With Worked Examples and Illustra¬ 
tions. Price 3s. <M. net. (Post free, 3s. lid. home ; -fcs. abroad.) 

Volume XI.- - ELEMENTARY PRINCIPLES OF 
SURVEYING. By M. T. M. Okmsby. M.I.C.E.I. 

•244 pages. With Worked Examples and 135 Illustrations and 
Diagrams, ineluding 4 Folding Plates. Price 4s. net. (Post free, 
_ 4s, 5d. home; 4s (Id.,'dirnad.| * 

Volume XI I.—THE SCIENCE OF WORKS MANAGE¬ 
MENT. By John Batey. 232 g':ige^ Pnee4s.net. 
(Post free, 4s. 5df home ; 4s. I i.i. abroad?) 
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Volume XIII. THE CALCULUS FOR ENGINEERS*. 

By Ewart S. Andkhnvs, B.Sc.Eng. (Loud.), and H. Bryon • 
Hitt wood, D.Sc. (Paris), B.Sc. (Land.). 284 pages. A n)2 Ilfustra- 
tnms. With Tables and Worked Examples, Price 4s. net. (Post 
free, 4s. 5t|. home ; •(*. (id. abroad.;* 

You mi- XIV. — LATHES: Their Construction and 
A Operation. By G. \V. Burley, Wh.E\. 244 pages. 
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NOTES ON POTTERY CLAYS 


CLAYS 

CHAPTER i 

DEFINITION—VARIETIES—ITIOPKIITIKS 

C LAY is an unctuous, tenacious earth, capable of being 
moulded liy band, and hardened by lire into permanent 
form. It is the Anglo-Saxon, elaeff, derived from the 
Teutonic verb ltleven, to stick or adhere, 'because of the 
clammy, adhesive quality of the substance, which is one 
occurring in moro or loss extensive deposits in almost every 
country of the world, and very abundantly, and in numerous 
varieties, in tho llritish Isles. It belongs to the order of 
oxidised rwks, and forms the argillaceous (Latin, arijilla — 
clay^ fondly or group of rocks, and is a soft, opaque, amor¬ 
phous earth of a dense texture, distinguished from every other 
by its great tenacity when moistened by water (a very remark¬ 
able illustration of which was furnished by the unfortunate 
result# of the Aeoling of the Royal Agricultural Society at 
iftlbum in 1879), and, also, by its contraction under, and 
the g#at hardness which it acquires by, the action of lire; 
sufficient, indeed, to give off sparks when struck with a stoel. 
Chemically speaking, clay is essentially a hydrated silicate of 
alumina; the latter®being the oxide of the metaP alumihiuii, 
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as silica is of the metalloid silicon; and lhasb oxides h§ing 
chemically combined with a certain proportion bf water, which. 
is a protoxide of liydfogen, it is obvious that oxygen Jhust 
enter very largely into tho composition of clay-*-to tho extent, 
indeed, it has been calculated, of upwards of 48 per cgnt. of 
its weight. 

flay generally contains various pnpuritifs, of which oxide of 
iron is the chief, and generally also its colouring ingredient. 
To the presence of this oxide is due the peculiar smell.given 
out by impure clays when breathed u]»n or welted, and which 
is called the argillaceous odour; although it has been, and may 
be, ascribed also to their being impregnated with vegetable 
matter: alumina and silica and pure clay being all alike., free' 
of it. Common clays have an earthy texture with * (Ml 
lustreless fracture, and are soft enough generally to take a 
mark from the linger nail. II. 1-0 to 1'5; sp.gr. 1'8 to 2-7. 
flays are never found crystallised; they are of viftious colours 
—brown, yellow, dull blue, green, red, grey^and white in the 
china clays. 

There are perhaps no other substances in nature so indefinite 
in their composition as clays, which are all mechanical deposits, 
which, however consolidated, have not been subjoctcd to any 
indurating or mctaiuorphic action suilicicnt to alter ,thS!r 
structure. Thoy have all been derived from the (^integration 
and decomposition of rocks, chiefly granitic or folspnthijj and 
necessarily, therefore, contain varying proportions of substances' 
found in such rocks, as lime, pdtash, soda, magnesia, etc; Th jy 
possess, from their alumina—a large percentage of which # an 
essential constituent of all clays — the property of algorbing 
and retaining, under less than a very high temperature,* a 
considerable proportion of water, and of forcing thereby a 
plastic paste of much tenacity, which is compact, smooth, and 
unctuous to the touch, and, whei^ dry, easily jiolished .by the 
finger or nail. Potters’ and most ef the other clays are infffcible 
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Hinder any degrae of heat, but#vhen thoy contain an excess of 
alltalies, theso*act as fluxes and produce vitrifiimtion, or even 
fusibility. They are not soluble in water, but mix readily with 
it; indeed, oie of the characteristics of clay is its diffusibility 
in w^ter, in which, although insoluble, it remains suspended 
longer than any other mineral substance—and part only at a 
great heat with tffe last portion of their hygroscopic waiter, 
that, namely, with which they are mechanically combined, 
while that with which their alumina and silica are chemically 
combined can only be driven off by a nearly red heat 

So numerous are ^lie varieties of clays, that Brogniart, the 
latp eminent director of the Sevres Porcelain Manufactory, 
giVps °a lijt 1 with the analyses of no fewer than 195—of 
'trtiish 28 are china clays—all of which are made use of in 
various parts of the world; and Mr. George Ma\^ F.G.S.f in 
his valuable catalogue of specimens illustrating the clays and 
plastic stnfta of Great Britain, 2 gives a list of 123, with 
descriptions and # analyses of many of them. But whatever 
their composition, one essential property, wdiieli determines 
their being classed as belonging to the clay or argillaceous 
family, they all possess, viz. plasticity, although they may 
vary much in the degree in which they possess it. 

• TJiis property of plusticity may be called peculiar to clay, 
‘which app^irs to be the only substaneo in the mineral kingdom 
tlia£ possesses it in its natural state. Tomlinson 8 says: “ The 
more f consider this property the more wonderful and inexplic¬ 
able does it appear. Take a rifass of dry clay; it cracks easily 
ariB crumbles readily; add to it a certain proportion of water, 
1 Tryilc dcs Arl.fCtraniijur, Paris, 1844, “Atlas of Plates.” 

• s Catalogue of Specimens in the himam of Practical Otology, illustrative 
of the Cmnjmsitim ami Manufacture of British Pottery and Porcelain, 
Londoff, 1876, 3H od., Appendix A. 

3 "On the Plasticity and Odour of Clay,” by C. Tomlinson, Esq., 
Lecturer on Science, King's Csllege, London, Proceedings of Geologists' 
A satiation, jol. i. 
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anil it becomes plastic —it obeys the will of the' artist or the 
'artisan, who <*m, out this yielding mass, create new forms 
or perpetui(te old ones, llrive oiPthe water at a red beat, $n,d 
its plasticity is for ever lost; rigidity takes its j^afe; the clay 
is no longer clay, hut something else. It may be reduced .to. 
powder, and ground up with water; lmt no jrt or science cap 
again confer up .011 it its plasticity. AH this is very wonderful. 
There if another fact that is equally so: if we combine the 
constituents of clay in the proportions indicated by the 
analysis of some pure type of that ’substance, we fail to 
produce plasticity.” Tomlinson adds: “(That a clear idea of 
plasticity, and of some of the other mechanical properties.of 
matter may probably be gained by considering tljein itue ‘to 
variations of the forces of cohesion and adhesion, affn l!J 
bringing t^ose in their turn under Newton’s great law ‘of 
‘attraction—directly as the mass, and inversely ns the squares 
of the distances’;” and in illustrating this he. suggests the 
idea, “that the mechanical properties of ^matter, such as 
porosity, tenacity, hardness, brittleness, elasticity, etc., depend 
upon variations in the attractive foreo of the molecules, 
according to the distances apart of such molecules”; and 
further states, that “ the method of arranging the particles of 
clay, at the precise distance that shall import plasticity,. 8 
one of nature's secrets that we have not yet succeeded in 
lienetrating ”; and to the cpiestions—“ Why is not a .flay 
artificially formed from pure materials plastic?" or .“why 
cannot wo produce plasticity by the synthesis of clay'?” thS 
answer is, “that all the conditions of plasticity are unknown, 
Aid as yet it has proved beyond man’s art or science to produce 
it.” Clays, when dried in the air or not fired too hard, adhefe 
to the tongue, in consequence of their affinity^ for mature. 
Their affinity also for vegetable matter, bitumen, and some 
metallic oxides, particularly oxide lof iron, and for acids and 
salbvmakc fhemsvery useful in yurtiy mamffacturiiy; proceates. 
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Clays are eitlspr arenaceous (^atin, arena —sand) or calcareous 
(Latin, cals —fime), and there are various earths formed by. 
adrfixturcs of those, of which the following two are universally 
known, and jieed only he briefly mentioned h&e, viz.:— 
Loam, which is a general hut not very dejjnito term, applied 
to soils that arc composed of clay, sand, and vegetable mould, 
is moderately eolftsive, lgss tenacious than clay and more 
so than' sand, permeublc by water, with little or no plasticity, 
but inoro or less adhesive when wet, and more brittle when 
dry than clay. When united with lime, iron, or other 
metallic oxides, it is ^fusible at a high heat, and melts into a 
black, tough cinder. When common salt, saltpetre, phosphates, 
oi'sulphates are present it is still more fusible. Some of the 
.♦or*argillaceous loams aro used for making the coarser kinds 
of potters’ ware, and for tiles and bricks, and if ^ny solqjjle 
salts are present in them these will appear as an efflorescence 
on the surfSce of the latter. Agriculturists speak of light ayd 
heavy loams, according to the proportion of clay they contain, 
and also of saiuhj and caicaremm loams, acceding as sand or 
lime predominates in them. The other is Marl, which is a 
calcareous clay, that is clay mixed with lime, although clays 
which do not contain lime are often erroneously called marls, 
lin^ soft admixture of clay and lime is a marl; “ clay-marl ’’ 
when the # clay predominates, “marl-clay” when the lime is 
most abundant. There are also “shell-marls,” and, in geological 
nomenclature, “ chalk - marls,” “ lias - marls,” and others. A 
characteristic of a true marl that when dry, it breaks into 
Bifall cubical fragments and crumbles down, even to powder,, 
by exposure to the atmosphere. 

• Shales and clay slates aro also argillaceous rocks, and, like 
the clays, aw impure silicates of alumina which have been 
deposited in marine or—often in the former, as in the case of 
coal shales—in brackish ijatcr, and subsequently indurated by 
heft and pressure. • The former exhibit a lqpun^bed structure 
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and are fissile parallel with -their bedding, while the latter are 
'fissile in parallel planes jttlier than those, of their bedding. Tho 
difference between clays, marls, aful shales is put thus by the 
late Professor Page: “ Clays are massive or pl-.etjc, and void 
of structure; marls arc friable or crumbly; shales always 
exhibit some degree of lamination and fissiljty, and, being ip 
fact Alie solidified muds of former waters, tfiey present endless 
varieties in composition, and are usually defined as calcareous, 
arenaceous, bituminous, and so forth, according to their pre¬ 
dominating ingredients.” The clay slates of metamorphosed 
clay occur in England, chiefly in the Cambrian formation, and 
are extensively worked in North Wales. They have been 
formed from tho waste of pre-Cambrian rocks, <lgposited.,‘as 
fine mud or clay, in most cases, at the bottom of a deep set) 
ths finenes\of the sediment forming them proving its having 
been carried in suspension in water for a considerable distance 
from land, while the great thickness of the bods proves that 
the process must have been carried on for an .enormous period 
of time. In otlAr cases, the mud has been deposited in deltas 
or at the bottom of lakes; and in these a larger amount of 
sand renders the texture of the plates coarser. After deposition 
and colouring by the admixture of the various oxides of iron 
and other colouring ingredients (such as carbon in tho case of ^ 
black slates) to which the various colours of slates-*-grcy, dull 
blue, purple, green, and black—are duo, the beds have Ijpcn 
highly indurated and metamorphosed by heat, and vertical* 
combined with great lateral pressure, by which, with perhaps 

•also some chomico-clcclrical action, their fissile structure atul 
Ravage across the original lamination of the# beds hn% been 
caused, ami probably during the process of their upheaval, to 
form the mountain ranges of Wales and Cumberland smoother 
places where they occur. 

, It may he interesting to give hero "an analysis of a* good 
arteraje quality of the roofing slates of V%les, shewing tllat 



thgir oompositlqji is a liydrat^l silicate of alumina—similar 
to .the comtndh clays—coloured by protoxide (jf iron. The. 


percentage of oxygen in their 

varitfhs 

ingredients is also 

given. , 

' Wki.sii Koofino Si,a 

I K, «P- gr. 

0 

= 2-82-1 

Silica. 

60-50 . 

5xygeti . 32-27 

Alumina . 

10-70 . 

„ . 9-19 

Iroojtprotoxiilo). . •. 

7-HO . 

„ • 1-7* 

Lime. 

1-12 . 

„ . 0-32 

Magnesia. 

2-20 . 

„ ■ . 0-88 

Potash • 

3-18 . 

„ . 0-51 

Soda. 

2-20 . 

. 0-57 

Water . . 

3-30 . 

„ . 2-71 


100-00 

48-22 


_ Of the numerous varieties of clays the undernoted limy 
be considered as coming within the scope of tlfe work*on 
potting materials; they being all extensively used in, and 
being in fact indispensable to, the prosecution of the pottdl-s’ 
business; each ilf them having its own peculiar properties, and 
each being available for some special purpose in connection 
therewith, viz.:— 

Brick Clays, used in the manufacture of flower-pots and 
rtlier articles of common use, and for bricks for the workshops 
•and kilns T>f the potteries. 

Pile Clays, for the manufacture of terra-cotta ware, seggars, 
covers of slip-pans, where the latter has not been superseded 
by Needham & Kyte’s apparatus, fire bricks for furnaces anti 
#flue£ and the internal lining of stoves, muffles, and kilns, 








CHAPTER II 

liltlCK CLAYS—COMIWnOX AND W-ttfEUTIKS 

B RICK clays are impure hydrated silicates of alumina, and 
are chiefly superficial deposits, which are very widely dis¬ 
tributed in Us covering extensive areas in nearly all parts of 
the United Kingdom; either as alluvial lake or river-valley 
deposits, or as estuary silts and marine beds. Brown foamy 
clays, which contain but a small percentage of argillaceous tr rah, 
are largely used for making common bricks, and are hence called 
brick-earths' but bricks are made of clays of very varied com¬ 
position, according to the purposes for which they a!e required, 
or their occurrence in the localities where they are wanted. 
The most extensive deposits of brick clays are r those practically 
inexhaustible beds of what is sometimes called “glacier 
detritus," the thick deposits of clays of the glacial or imme¬ 
diately post-glacial period. In geological classification the 
term brick-clay is often used in contra-distinction to that of 1 
boulder-clay; meaning by the former, those finely laminated 1 
clays of the Pleistocene epochs, which overlie the unlaminated 
beds of the true boulder-clay or till, and have evidently been 
formed from it by the wasting and re-assorting agency of tauter.•’ 
Clays suitable for bricks, and other “clay wares,” are, howcv*', 
found to a greater or less extent in nearly all the various 
geological formations, from the older Pakeozoic to the most* 
recent; but increasingly indurated as they recede in time from 
the latter, until, as in the case of the elay slates, they Eavc, 
through the pressure and metamorpjiie action to which ,they 
'have Ijeen subjected, acquired a (laty stricture, and have 
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entirely lost all plasticity. In ^trious outcrops and beds of the 
tertiary and underlying formations down to the carboniferous, ■ 
ani}*occasionally even in older ones, clip’s of economic applica¬ 
bility {vide l^r. Maw’s list) occur not merely in*a soft and 
plastic state, but in every gradation betwegn these and hard 
liictamorphie, rocks, and many of the most valuable clays occur 
fn a semi-imlurafi^l condition, are mined by blasting, # and 
brought'to the surface in hard rock-like masses. However 
compact and hard such clays may have become, they arc by 
“weathering” (Wntegratcd and reduced, after licing ground 
and mixed with wate^ to their original plastic, condition. The 
durability of bricks and tiles is much increased by allowing the 
clay 16 lie mellowing for a year or two before it is used. 
0*i»jon brick clavs consist generally of coarse and irregular 
mixtures of pure clay with sand, iron, calcareous andpmagnesjjin 
earths, mineral alkalies, carbonaceous matter, and various other 
accidental ftapurities; many of them, however, are of !ii>; 
texture and comparative purity, but these are generally 
extremely local, and are used for special purposes. For brick- 
making, clays generally - especially when of stiff and dense 
texture like the London and the glacial clays—require consider¬ 
able additions of coarse, sharp sand and coal-breeze or ashes, 
Vthich are indispensable for making good bricks; but the pro¬ 
portion of sj^ml admits of great diversity, varying according to the 
relative proportions of the siliceous and aluminous constituents 
of the clays. Ansted says: “ That the admixture of a percentage 
"if silicSl sand, which results iiP a combination that contains as 
mtfch as 90 per cent, of silica, is not at all incompatible with 
the formation of.an excellent brick.” It is the alumina, how¬ 
ler, float renders them refractory, and not the silica, as is often 
erroneously supposed; for while pure silica, like alumina, can 
stand any amount of heat without fusing, its readiness to com¬ 
bine with the alkaline ijigr%dieuts which all these clays contain 
to • greater or less wxteut—but which in good,l)rick clays might 
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not to exceed 2 per cent.—is v?ry apt to result in vitrification 
or fusing of < the bricks. Indeed, from over-hring and the 
presence of an excess of iron and' alkaline earths or alkalies, in 
the clay, bricks are frequently fused together or ijm into a mass. 
of glassy slag, shoring often a bright conchoidal (Gr. koncke, a 
shell, and eidos, form) fracture. Iron, unless in excess, is not 
prejudicial, but when in excess, aml.lime is present, vitrification 
is apt to be produced, and the tendency to it is increased'by 
the metallic alkalies in the clays. When clay contains too 
large a proportion of calcareous earth, Ume will he produced by 
burning, and the bricks made from it wij 1 soon moulder when 
exposed to the atmosphere. The alumina of the clay does not 
melt, but its particles arc cemented by the glassy jiroddcts ‘ of 
the silica and fluxes; when it is in excess there will bo WU# 1 - 
reapondinj^increasc of shrinkage from its dehydration in firing,; 
complete vitrification also produces great contraction in the 
hricks—most, however, with clays of tine tcxturi?, less, when 
they are coarse and continuing a large proportion of sharp sand 
or other gritty ingredients. In firing, the. shrinkage of brick 
clay may average about 10 ]wr cent., hut the degree of contrac¬ 
tion is very various, and does not altogether depend upon the 
purity of the clay; when newly dug the contraction is less than 
it is when the clay has been well weathered. These clays.varj 
in colour according to the character of the formatiqps in which* 
they occur, and the proportion of iron or other coloring 
ingredients they contain, anil are found of all shades of Wwn^ 
grey, or black, to yellow, blur!! and red. They burif whit? 
when entirely free, of iron, which, however, is rarely the cisc. 
When iron is present they burn to various shales of red—pale, 
Hull, dark, or bright red—the depth of colour depending bofti 
on the percentage of iron present and the degjee of ljeat to 
which they are subjected, the brightest shades of red and buff 
being produced with hut % partial vitrification of the*body; 
cpmjjeto vitrification modifying > riie colours considerably.* A 
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large proportion *>f carbonaceous matter affects the colour by 
wresting the peroxidation of the iron, as docs also the alkalies, 
and^till more so the alkaline Earths, lime and magnesia. The 
slays coloured fellow by the hydrous sesquioxidc of won do not 
prsdljce yellow or buff bricks, owing to bein^ deprived in firing 
of. their constituent water, to which that colour is due, and 
which is thereby changed to anhydrous rod. Grey clays gon- 
tairiing less than 1 or 1 i per cent, of iron produce various 
shades of crcam^olour and buff bricks, while those containing 
from 2 to 10 or 12 per rfbnt. of iron produce yellowish fawn to 
dark reds. Ked clays* containing from 3 to i per cent, of iron 
produce the bright red bodies used in the manufacture of red 
terfy-cotta ijarc, encaustic tiles, etc.; but anyone interested in 
tfflrtbmposition of clays and their colouring ingredients may 
obtain further and much valuable information from<dr. Maw's 
list of the “ Clay and Plastic Strata of Great Britain,” previously 
referred to, and which the writer has drawn ujion for some of 
the al»ve detail^ — especially those regarding the colouring 
ingredients of these clays. 

Mr. Maw mentions having found by experiment that “ five 
per cent of caustic magnesia mixed with red clay entirely 
destroys its red colour in the kiln, probably from the production 
of ^^ale-coloured double silicate of iron and the alkaline earth ; 
a familiar trample of which reaction occurs in the process of 
manufacturing yellow bricks in the neighbourhood of London, 
the colour of which is dependent on the admixture of ground 
chalk with the brick-earth, winch itself burns of a red colour." 

-Vrofe3sor Donaldson states that clays containing silica and 
alumiga in the Sedative proportions of eighty-six parts of the 
ftrmer to fourteen of the latter are the. best for brick-making, 
but tjje undej-noled analysis of four good brick clays shows that 
the composition of these admits of great variation; and, indeed, 
any approaching the above'composition are of rare occurrence: 
a fturth 04 alumiift to a lfalf of silica in the clay, and; with 
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small percentages of alkaline ingredients, is a good standard^ to 
which No. 4 .most nearly approximates. 


' 

No. 1. 

■No. 2. 

Silica and sand. 

. 84‘Jit 

61*01) 

Alumina . .. 

. 1M1 

11111,1. 

Oxide of iron. 

. 7 To 

6*75 

Lime. 

1-ilU 

3-116 

♦Alkalies. J . 

. 1 Til 

2-83 

Water and various impurities 

. 11-31 

6-06 


100-00 100-00 



4 No. 3. 

No. 1. 

Silica and sand 

. m»-16 

53’95 

Alumina .... 

. 10-08 c 

2if-55 

Oxide of iron 

. 8-38 

S-fe' 

Lime ^ 

. 1-88 

0-08 

Alkalies .... 

. 183 

1*54 

Water and various impurities 

. . . 5‘07 % 

10’22 


joo-oo 

100-00 


Although bricks, when made, are generally well dried in the 
before being placed in the clamp or kiln, they retain a largo 
amount of moisture, and the lirst result of burning them is its 
evaporation, accompanied by that of carbonic acid, which im¬ 
parts such a heavy and offensive quality to the Jumes fronf 
brick burning, arising from the calcining of the lime in the clay 
and the combustion of the coal-breeze or ashes. 

When thoroughly burned, tluf bricks or other “ clayAvares f 
become permanently hard, and cannot by any possibility becdhie 
again plastic or callable of living mixed with jvater; they are, 
nowever, pirous, and readily absorb more or less moistuK 
according to their composition, and the degree of heat to which 
they have been subjected in burning. Pulveriseif burnt flicks, 
and tho burnt clay technically igillegt “ballast,” are, good 
examples of.uidiydrated clay. 
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Gluy, unmixci with siliceous ingredients, will not make 
durable briekR or vessels. The purer the clay, the move will it 
crack* or split in drying ; and deep clay‘soils will thus open in 
chasms of considerable width and depth; but witff a proper 
admixture of siliceous materials, even when*only hardened by 
the hot sun of tropical countries, clay vessels will retain their 
shape without cracking, and,they, as well as similarly composed 
and - sun-dried hrioks, will resist for an enormous time, not 
merely atmospheric influences, hut even the solvent power of 
water. Unless completely vitrified hy burning, however, clay 
vessels cannot he ma^c non-absorbent of moisture without a 
gljjife. of some sort, as witness the unglazed porous water-bottles 
so largely manufactured in England, and so universally made 
anIWRcd in Oriental countries, the coldness of the water in them 
being produced hy its evaporation through the hot(#es and its 
condensation 011 the outsides. Vessels of [lottery were probably 
made of eluf, hardened hy the sun, long anterior to the making 
of sun-dried brieks, and very early in the existence of at least 
the Adamic race of mankind; and such vessefc are still made 
in the East. Sun-dried brieks were also, however, made iu very 
early times, and the walls of houses were built of clay thus 
hardened—a reference to which is obviously made in what is 
ifiajbilbly the most ancient book extant—dob (vide eh. iv. 19), 
* How muck less iu them that dwell in houses of clay.” It 
is qjso^evident from the fact of the Israelites, during their 
bondage in Egypt, using straw iu brick-making, that the bricks 
ftioy made for Pharaoh were nTily sun-hardened; that this was 
nof from ignorance of the process of burning bricks, hut, 
probaljjy, to savffthc unnecessary cost of burning them, where 
ifl the hot ami almost rainless climate of that country the sun- 
dried pricks m«re sufficiently durable, may be inferred from the 
fact that the Tower of Babel had been built upwards of 600 
years previously, of fire-immed brieks (vide Genesis xi. 3, where 
th^huildermof that*nouura<#i^of man’s folly #re represented^) 
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saying, “ Go to, let us make brinks, and bum theta thoroughly ”), 
and doubtless fire-burned pottery was also thus early made. 
From Job ch. ii. 8, And he took him a pntslienl to scrape 
himself withal,” it may be inferred that in %■ early days in 
which Job lived,H was not only made, but broken as wysll—a 
practice the continued prevalence of which is by no means of 
trifling importance to the interests of tlfo pottery trade. It 
appears also from other ancient records, and from the numerous 
specimens dug from the ruins of flabylon and other long- 
destroyed cities of the East, that these clays were used very 
extensively from the most remote annuity for an immense 
variety of articles—domestic vessels of all sorts, seals (mentioned 
also in Job, vide ch. xxxviii. 14, “As clay to the sea?”),and 
cylinders, tablets, and bricks, on which records of evente^vsyal 
mandates)* contracts of sale, and other documents—the presenta¬ 
tion of which was necessary — were inscribed, and remain 
perfectly legible to this day. Many of these may* now be seen 
in the galleries of the British Museum: but although they 
remained in peifeet preservation for thousands of years in the 
dry climate of the East, and not exposed to atmospheric action 
even there, owing to tlioir being buried in the sand mounds, 
which for so long concoaled the ruins of these ancient cities, it 
was found necessary to subject them to a baking process flefofc 
transferring them to the moist climate of England,^vliere otheP 
wise they would soon have been destroyed. 



CHAPTER III 

FIRE CLAYS— DISTRIIJJJTION, USES, AND ANALYSES 

F IRE clays ^ are also hydrated silicates of wlumina, 
generally freer of impurities than the ordinary brick 
clay's, and arc infusible compounds containing large pro¬ 
portions of silica, with but little iron or alkaline ingredients, 
and tneref^re capable of resisting very intense and long- 
cdfflfcued heal without slagging, vitrifying, or melting, or 
becoming soft and pasty. Their refractory propAty is «n- 
tirely duo to the absence of fluxing matters—such as the 
alkalies, allfaline earths, and oxides of iron, with which the 
silica is so ready combine—except in such minute quantities 

as not to induce vitrification or fusing in the paoccss of burning 
the bricks or other fire-clay manufactures. Carbons and hydro¬ 
carbons are not unfrcquently present in these clays, but the 
presence of carbonaceous matter (speedily consumed in the 
Rilnj) does not afl'oet their refractoriness. Jukes says that in 
*good fire eljys “ it is probable the silica and alumina exist in 
•juijj that definite proportion which would form a true silicate 
of alumina." Fire clays should be of somewhat greasy feel, 
Ind it Is essential that they should bo of uniform texture; they 
vafy much in composition, but have been classed in three* 
qualities, of which the first and purest is used chiefly for 
fhe large melting-pots for glass-making; the second, for 
crucibles use£ in melting metals and refining steel; and the 
third, for fire bricks and other ordinary fire-clay wares. 

Fire clays are very abundant in the British Isles, and occur 

chtefly in tjie Coal Pleasures underlying the <»al «eams, $wi$g 
16 
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to which they are called the s undcr-elay or veatecarth of .‘he 
coal. The ccal seams almost invariably rest on a comparatively 
pure argillaceous bed,'and, front the amount of carbonaceous 
matter it‘contains, and the abundance in it, (if the rootlets 
(stigmaria) of tin <S igillaria, it has doubtless formed the soil 
in which these and other coal plants grew. In the Dudley 
coa|Jield, beneath the ten-yard coal, seam and some underlying 
layers of mixed matter, the fire clay is found of considerable 
thickness, varying much in quality, the best being found near 
Stourbridge, 7 or 8 fathoms under the main coal, and 
is remarkable for its small amount of (contraction in firing. 
When first raised this Stourbridge fire clay is of almost stony < 
hardness and a leaden or slaty-grey colour; it sqon however 
crumbles on exposure to the air, and is then easily 8nflS@ffr.il 
ami tenqfcred with water; it burns to a yellow or ochrcous 
tint The strata in the neighlxmrhood of Stourbridge are 
extremely faulted and shattered, and although lying low in the 
order of stratification, the fire-clay seams have been upheaves], 
so as iu nmnysfilaces to be got at without very deep sinking. 
In other places, and in many coitl-liulds, they occur lower and 
at great depths, and can only be profitably utilised when raised 
along with the coal or ironstone with which they are found 
associated. The Stourbridge clays are raised from seams, in 
the pits varying from 20 to 95 fathoms deep, #nd iivcrug* 
ing about 3 feet in thickness; and, as evidence pf .the 
extremes of quality, it may lie mentioned that while the 
ordinary quality is sold for 15s. “per ton at the pit mouth, thal 
> for crucible making, found in the middle of the seams—known 

? i glasshouse pot clay—sells at 60s. FromHhe analyses, by 
rof. F. A. Abel, F.R.K., chemist to the War Office, quoted 
by Dr. Percy, of nine samples from different pits, thj com¬ 
position of these clays varies aa follows, viz.Silica, from 
58'48 to 67'00 per cent.; alumina,*25'80 to 35‘78; iron 
oxide, 3 - 00 *o Gjf>3; alkaline rqptter and (waste, <^G4 to S'56 
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per cjmt.; and .Uie undernoted fivo may bo taken as'of superior 
juality, viz.The first— 


Silica i 

66*40 


Alumina .... 

31*70 

In tflls case the clay 

Iron oxide .... 

3*00 

had been deprived of 

Alkaline earths iflfcl waste . 

1*90 

its water before the 


100*00 ' 

analysis was rnitdc. 


The next is nno made by Mr. 0. Tookey, in the metallurgical 
laboratory of the Museum of Practical Geology, under direction 
of Dr, Percy, and quoted in the ('atal<«jne of Jiritish Pottery 
ana Porcelain :— 


Silica. 

65*10 

Alumina. 

22*23 

Proto-oxulc of iron 

1*92 

Lime. 

0*11 

Magnesia . ... 

0*18 

Potash .... 

0*18 

Phosphoric acid . 

0*06 

Organic matter .... 

0*58 

Water, combined 

7*10 

,, hygroscopic . 

2*18 


99*66 

The refractory property of these, or any clay, is least affected 
by magnesia, more so by lime, still more so by iron oxides, and 
most of all by yotasli, while an excess of sand is most pre¬ 
judicial to plasticity. 

Fire clays are very abundant in the Coal Measures of 
Durham and»Korthumberland, and are found in seams from 1 
to 5 or 6 feet in thickness; the best qualities are obtained from 
those underlying the coal hsed for coking and manufacturing 
purposes, flic unSemoted fllialyscs are frefti samples taken 
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from mines a few miles west Gf Newcastle, f>*longing tg one' 
linn, and sliow wide ranges of variation : — 

7 > * ° h 


No. 1. 

No. 2. 

No. 3. 

No. 4. 

No.-5. 

No. 6. 

No. 7, 

Silica.*51-10 

47 '55 

48-55 

51-11 

71*28 

83-29 

09-25 

Alumina .... 31*35 

29'DO 

30-25 

30-40 

17-75 

8-10 

17-90 

Iron oxides ... 4‘63 

9-13 

4-00 

4-o: 

2-43 

1-88 

2-97 

Limb ! ... . 110 

1-34 

1-00 

1-70 

) 2-30 

2-99 

1-30 

Magnesia .... 1-51 

0-71 

1-91 

trace 

/ 



Water, organ, matter, 

H'77 

13 "5 7 

117*2 

c -24 

3-74 

8-58 

and waste . . . / 



4 





100-00 100-00 100-00 100-00 100-00 100-0 100-00 


Of these Nos. 1 to 4 will he found, from tlier large" pro¬ 
portions of alumina and water, to shrink more than the others, 
of which No. G will contract least in firing. 

Fire-clay goods are used now so very extensively, and for 
bo many purposes, that the possession of such a series of bods 
as the above, which the Newcastle Coal Measures yield, gives 
great advantages to manufacturers, enabling them to select and 
mix their clays so as best to adapt them for specific uses; and 
the circumstance of these clays being found in great abundance 
and capable of being more economically worked and manu¬ 
factured on Tyneside than, perhaps, in any other part of the 
United Kingdom or of Europe, may account for the extensive 
business now done there in fire-clay goods, from bricks, to gas 
retorts, and of articles both numerous and of great variety for 
building and manufacturing, sanitary, and ornamental purposes. 
' The great heat required to vitrify drainage pipes insures their 
being thoroughly burnt, and enables them more efficiently to 
/resist corroding and chemical action. Some of these have been 
tested to sustain a pressure of from 80 to 120 lb. rn the 
square inch, and when well burnt and glazed they are prac¬ 
tically imperishable. Samples frdm ‘Glasgow, Dowlais, Cool 
Island, Stannington, and Howth%iiow the i&dernoted maximum 
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' ana yuiumum percentages of till principal ingredients :—Silica, 
•from 43*00 to 67*96; alumina, 21*111 to 40‘0Ef; iron^oxide, 
1-19 to 8*4; water and various matters, 3*14 to 15*40 per cent. 
The Glasgow fGarnkirk) fire clay is of vcjy superior quality, 
as may be seen from the following analyses of two samples:— 

Silica, 66*68 ; alumina, 26*08; lime, 0*84; iron oxide, 1*26; 
water, 5*14 = 100*00. Silfca, 65*20; alumina, 33*41»; lime, 
0*32; magnesia, 0*13; iron oxide, 0*49; phosphates* 0*45 = 
100*00. Specific gravity, 2*358. 

A variety of fire clay occurs at Dinas in the Valley of Neath, 
Glamorganshire, which consists of nearly pure silica, and which 
Dr. Siemens states lie has found to be the only material prac¬ 
tically available on a large scale for bricks or furnace lining, to 
resist the extreme heat (4000” Fahr.) for melting jteel. Jhe 
celebrated 1 linns fire bricks possess the peculiar property (as 
compareil wjtli other clay wares) of expanding instead of con¬ 
tracting under heat, which renders them more suitable for some 
special purposes tiian any other. 

In Staffordshire there is an 'abundance of fire clays in the 
Coal Measure's, which are locally called marls, and are ex¬ 
tensively used for making the seggars in which the pottery 
tfares are tired. The marl is mixe'd with old ground seggars, 
and stands very well the heat of the biscuit kilns in firing 
ordinary earthenware 1 , but it is inferior to the fire clays useel 
'ly Pencil porcelain manufacturers, and would not be suffi¬ 
ciently refractory for firing the superior hard porcelain wares 
now made in Staffordshire, hut for the fact that oxidising firing 
is employed, whereas, on the continent, the firing must be 
reductive. The Nungarrow porcelain made in Wales some, 
sixty or seventy years ago—sjiecimens of which from their 
superior quality now command high prices—was made of a 
most refractory body, and required the sacrifice of the seggars 
in which it wag fired, as, owing to the extreme hgat necessary 
for its conversion, tEey were Useless for a second firing. ’ TEe 
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following is an analysis of a mftrl used for se.ggi.rs in Stafford- • 
sliire, x viz.«. 


Silica 

(5G-16 

Alumina . , f 

22-SI 

Ivon oxide . 

B-81 

Lime . 

1 *12 

•Magnesia . 

. . tiree 

Watir and loss . 

\ T>2 


99-SIS 


The quantity of iron 
oxide ami lime which 
‘it (•«..tains reduces of 
course its refractori¬ 
ness. 


A leading Stourbridge lirm gives the undernoted analyses of 
two qualities, and they state that they can supply thtf purest 
lire clays in the world :— 

No. l. • 


t Silica ^ . 


73-51 

Alumina. 


21-89 

Oxide of iron. 


o-r.3 

' Lime and magnesia. 

/ 

1-59 

Loss on ignition. 


218 

IT 


ioo-oo 

No. 2. 



Silica. 


68 91 

Alumina. 


38-92 

Oxide of iron. 


0-23 

Lime and magnesia. 


0-7S 

Loss ou ignition . 


lift. 

, 


100*fl) 

Another firm gives the following analysis 

of 

their best 

Stourbridge glasshouse pot clay 



Silica .•< 


00-35 

Alumina . 


23%0 

Oxide of iron. 


1 "54 

Lime. 

<r 

0#9 

Magnesia. 

. 

0-12 

Water and organic matter . . . 


8-10 
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They also giv* the undernot*! analysis of their" best black 
crucible clay:— 


Silica 

Alumina . 

Oxide of iron 
Organic matter *>■ 
Lime . 

Magnesia . 
Alkalies 

Water . * . 




■in-29 
39-27 
2'3G 
I'M 
*)■» 
• 0-08 
0-40 
ll'Sl 
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POTTERS CLAYS—frlPE CLAY 

O F pottery clays — so called because suitable for the 
manufacture of pottery wares—the distribution is very 
wide and the origin very various. They are embraced in the 
French term fltjnUw (Lab, Jigutun, a potter, from /»*,'%. to 
fashion). The purest varieties are white or light-fcluish grey, 
are, very plastic, and are, chiefly found in the superior beds of 
the more recent geological formations. The Eocene clays of 
tjie Paris basin, which immediately underlie the Eocene clay of 
tho London basin, so well known as the “London Clay,” 
received the name of argile planUtpte. originaKy in Franco, says 
Lyell, from its being much usiSl there for pottery wares. Beds 
of the same age (the Woolwich and Reading series of Prostwich) 
are. largely used for the same purpose in England. “As a 
series,” says Page, “these plastic clays constitute the middle 
portion of tho Eocene group. They are partly of marine and 
partly of fresh-water formation, and are characterised by \wo t 
species of oyster ((Mien bellmwina and 0. eduHna), anifsome 
fresh-water shells, as Melania, dyram, Unin, pahnUna, etc..’ 
^Thcse clays, like those more common and impure varieties 
already described (vide, Chaps. 1. and 11.), arc al^ more or less pure 
hydrated silicates of alumina. They arc found very gefierally 
ill over the world, and very abundantly in many districts of 
England and Wales, and of Scotland. They dccur also in 
Ireland—a country rich in mineral deposits of every sort, and 
iij the raw rpatorials for mining apd manufacturing industries, 
and which only'awaits the development of theAs to become 
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-4 perfect hive busy labour, and the seat of wealth-producing 
.arts and manufactures—although from the unhappy causes 
which conduce so effectually to prevent the investment of. 
capital, and tlw suppression of industrial enterprise there, its 
rich deposits of mineral wealth still lie neglected and unworked. 

These clays occ^r of very varying composition, quality, and 
colour, the latter ranging from white, yellowish-white, an # d greys 
of various tints, to brown, yellow, green, Ted, and blaola With 
the exception of the last — which is due to the presence of 
organic, carbonaceous, dr bituminous matter, and is in most 
eases burned out of the clay in firing, leaving the biscuit ware 
perfectly white—these colours are chiefly derived from various 
oxitfes of ijon, or, in the ease of brown clays, from manganese. 
They all possess thp qualities already mentioned as characteris¬ 
ing the argillaceous family of rocks ; adhere strongly to the 
tongue; contract to a greater or less degree in the kiln—often 
with much irregularity; are more soft, soapy, and plastic than 
brick clays; and jre all, when free from excess of iron, alkalies, 
or other fluxing ingredients, perfectly infusible, by which is 
meant that they will not melt or become pasty in the most 
intense heat of the biscuit kiln, or say 3272" F.—about the 
pelting-point of wrought iron. “ All clay at a sulileient heat,” 
says»Janvier, “ would melt into a sort of glassy substance.” 
That, however, is not so. Perfectly pure clay is practically 
infusible under any heat; such a clay, however, is of very rare 
occurrence, and in [lottery clays there may he found many 
varying much in refractoriness according to their contained 
proportions of silica and fluxing ingredients. Most of them* 
contain larger of smaller percentages of such ingredients, as 
felspar, iron, lime, magnesia, manganese, mica, potash, soda, and 
free gilica, quartz, or sand. The more alumina a clay contains, 
and the purer it is, the greater is its refractoriness. With the 
exception of those contiinfng iron, pottery clays generally burn 
white in th* kiln. 1 
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Of the liner kinds of these plastic clays tlfere are nuiqerouii 
varieties, some only suitable for coarse pottery and terra-cotta, 
ware' others for the liner kinds’ of brown and red ware and 
tiles; and others again for the best qualities of common earthen¬ 
ware, which embrice the excellent brown and blue ball clays 
of Dorsetshire, and the black and cracking r^iys of Devonshire; 
all of which will lie noticed more ii* detail in these pages. 

Of these clays the purest are the well-known pipe clay (so 
called from its extensive use for the manufacture of tobacco 
pipes) and china clay or kaolin, which will be described in 
subsequent chapters. The latter of these is generally believed 
to be derived from the- decomposition of the. potash felspar ' 
(ortho clase) in certain kinds of granite, and is at,, all events 
only found in the granite districts, chiefly of Cornwall, while 
pipe day,* which has been called plastic clay, par excellence, 
occurs in extensive deposits in the Miocene and Lower Tertiary 
beds of Devonshire and Dorsetshire, whence it is largely 
shipped to the potteries for home manufactures, licsides being 
extensively exported to Franco, Belgium, Holland, ami else¬ 
where. Tho composition of pipe clay resembles that of china 
clay, but it contains an excess of silica. It may be stated as 
silica 54, alumina 32, waiter 12, with small quantities of liiqp 
and magnesia, etc. It is remarkably free generally from iron; 
is compact, unctuous, and almost greasy to the touch, and is 
very pure, plastic, and infusible; when dry, may bo polislud by* 
the finger. While exceedingly plastic it yet forms a very 
tenacious paste, and is very absorbent of moisture, and conse¬ 
quently adheres so strongly to the, lips, that tho ends of the 
tobacco pipe stems require to be glazed ere they are fit far use. 
tit burns very white, and the best qualities when fired are 
entirely free of the yellow or brown spots, which, % the 
biscuit of so many pottery clays, indicates the presenco of 
iron. • * 

.■Thfs clay Is applied to many«p6rposes besides dbe making 
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df pipes, but cwftracts too mudli in firing to bo atailable for 
goneral pottery purposes, although it ij occasionally used for 
mixing with other clays fur some wares. The begt qualities 
are got at Tlovty Tracey, in Devonshire, and >n the Island of 
’ Purbeck, in Dorsetshire. There are two* varieties of the 
Dorsetshire pipe clip’s, of which one is much darker than the 
other. Their composition is as follows, both having bepndirst 


deprived of their hygroscopic water, v 

iz.:— 

• 


Light variety. 

Dark variety. 

Silica. 

. 65-49 

72-23 

Aluffiina. 

. 21-28 

23-25 

Ox^tlo of iron. 

. D26 

2*54 

Alkalim^carths .... 

. 7-25 

1-78 

Snip, of lime. 

. 4-72 

trace 


100’00 

99-80 

• 

Ansted gives the following analysis 

of another variety, viz.:— 

Silica . . * . . ... 


. .93-60 

Alumina. 


. 32-00 

Iron oxide. 


. 1-3.9 

Lime. 


. 0-40 

Magnesia. 


trace 

Water. 


. 12-08 



99-49 


, 1’ipc clays arc largely used for cleaning and whitening the 
gloves and leather belts of soldiers, and the common kinds are 
much used for household purposes, pipe-claying stone steps,’ 
windncv-aills, etc. The finest quality is used for the manufac¬ 
ture of the Cologne pi]>es. 

Pipe clay is found in Ireland, associated with lignite, in the 
i beds of the Lough Neagh series. It lies in a hollow in the 
carboniferous limestone* at Loughloheny and Ballymacadam, 
south-east df Cahii^ and tfirte miles north*of Cahir similar 
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clay occurf.- These arc the rcAaius of a once'eKtonsive dsposift 
Belo.'v the lignite beds, this clay fe perfectly pure, and has been 
largely exported to England for the manufacture of the finer 
kinds of pottery. There are also deposits of pipe clay in Arran 
island, Co. Donegal, along the shore of Lough Ree, Co. of 
Roscommon, and especially near St. John!? Point, where it is 
loCifily«largely manufactured into tdbacco pipes. Pipe clay also 
occurs near Blackball, north of Brosna, King’s Co., and, in 
addition to its use for tobacco pipes, it was .used by the late 
Earl of Rosse for lining his furnaces. In an extensive district 
of Tipperary, la-tween Cnhir and Clonmel, there are deposits of 
pipe clay in the cavities of the lower limestone, which are con-' 
sidered eipial in quality to the pipe clay of Bnvcyffraccy. It 
burns purely white, and large quantities of it have been 
exported to England. 



CHAPTER V 


POTTERY CLAYS—BALL CLAYS—ANALYSES OF PIPE, BLACK 
AND BROWN CLAYS 

T HE varieties of pottery clays are so numerous that anything 
lit* an exhaustive list ami description of them would far 
hxceed .the necessarily limited space available. Those of our 
readers, hov»;ver, who may be interested in ascertaining whether 
any of the native clays, not hitherto much utilised, can be profit¬ 
ably made available for potting or other purposes, willtlo welfto 
consult Mr. flaw’s ('atato/juc of the ('lay and Plastir Strata of 
Great Britain, already referred to and quoted. In that catalogue 
Mr. Maw gives a l^t of 123 varieties of pot!cry clays--ranging 
from recent alluvial and post-teftiary deposits through all the 
geological formations down to the Silurian. These clays are of 
many sort* and of various origin, and differ from each other 
^composition and purity, in colour, in plasticity, and tenacity, 
in their degree of contraction in the kiln, and in their re- 
fradory qualities. Some of them have already been referred 
To a# described in preceding chapters; in this, attention will 
Ijp chiefly confined to the ball clays of the Miocene lignite 
beds of Bovey Tracey, Devonshire—of fresh-water lake forma¬ 
tion—and those of Poole, which are found in the Lower* 
Bagshw beds, of "middle Eocene age, and which are of marine 
origin, except the fresli-water deposits in the Island of Purbeck. 
The jtaole days—so called from their being shipped at that 
(port—form very extensive beds in the neighbourhood of 
Wareham, Dorsetshire. * 

The Bovejr Tracty beds* are of uncertain thickness^ and. 
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have been estimated to range., from 200 to 500 feet in depth. 
One section-, given by Woodward in his Geology of England, 
shores various seams of elays, sands, and lignite, of about 110 
feet in all, under the surface drift, and re-ting on sand—' 
the clay seams being together about 40 feet in thickness. 
Dr. Miller, in vol. li. of the I'hihmvhical Traiinartione, 
describes the whole series of strata as dipping to the south 
about 20 inches in a fathom, and says that including the, beds 
of clay with which they are intermixed—there being about six 
beds of each—the thickness of the'whole is about 70 feet. 
These clays are very varied in their composition and qualities, 
and arc probably derived from tin, waste of the neighbouring' 
green-sand formation, ami of tin- granitic rocks e f Dartmoor, 
or, as Mr, Maw suggests, partly from the insoluble matter in 
tire chalk! They consist of some valuable beds of white pipe 
clay, and of good pottery clays, grey, blue, brown or chocolate- 
coloured, and black; also that known as cracking clay, from 
its tendency to crack in firing. The clays are dug from pits, 
in balls of about 30 lb. weight, at Teigngraec and Whiteway, 
near Kingsteignton and Newton Abbot, and are shipped from 
Teignmouth, and thence sometimes called “ Teignuiouth clays." 
Mr. Maw 1 quotes Mr. Charles 1). Blake, of Newton Abbot, as 
stating that “the mines there produce clays containing*silica 
and alumina in every proportion, from 95 to 50 jior cen*. of 
silica and from 50 to 4 per cent, of alumina"; also*“that'* 
some of them are nearly pure Silicates of alumina, containing 
no free silica, whereas others contain as much as 70 per cent. 

' of it.” 

The Lower Ilagshot beds of Dorsetshire consist of altesnating 
j seams of variously-coloured potting clays and pale yellow or 
buff-coloured siliceous sands and loams and beds ofdlint p^jbles; 

1 In a Paper on “The Sources of the Materials composing tho 'White 1 
Clay| of the Lower Tertiaries,” Quarterly Journal Geological Society, 
vAl. xxiii. pp.*387 to 894. 
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bcneafji tlio pottifig clay there isP a seam of some thickness of 
an extremely friable earthy brown coal, somewhat Analogous to 
that of the Rovey lignite, but of less specific gravity. It is in¬ 
teresting to not* the occuripnce of this, characteristic, as this 
Iwowu coal or lignite is, of the plastic clay tertiary deposits of 
the Isle of Wight;, and the London and Paris basin and 
others. On the north side, of the, chalk hills, extending from 
llandfast Point to beyond (Jorfe Castle, there is an extensive 
bed of pipe clay^ in a horizontal position, which has been 
identified with tbe lignite clay bed of Alum liny, in the Isle 
of WigHt. The same scam of clay, though not of equal 
tpiality.may he traced in the hills near Poole, and is found 
in many pa*ts of the extensive track called the “trough of 
Poole.” In a quarry on the borders of Poole Harbour, 
about 2 miles west of Poole, several beds of the white, 
pipe clay fijmi 11 to f> feet thick occur, alternating with 
beds of brown clay, and white, red, and black sand. The 
Poole ball clays ar^ extensively used for pottery, and are found 
in beds of various thicknesses a*d at different depths. They 
are dug to a great extent, at Creech Grange, Nordon, and 
Rempstone, between Warcham and Corfe. They are of very 
sqjjerior quality, and consist of white pipe (day and grey, blue, 
and brown pottery clays. The blue (day contains a little more 
alumina than that of Devonshire, and is so far superior to it for 
earth's*ware manufacture, although in practice the difference is 
ngt always perceptible. Other ingredients being equal, the 
excellence of pottery clays may be determined by the respective 
percentages of alumina which they contain. Alumina is a light 
material, while silica is a heavy one, and the specific gravities 
of these clays may therefore afford an approximate test of 
their ^jaluc far earthenware manufacturers. Ilotli the Teign- 
»mouth and the Poole clays are remarkably good and plastic 
and of excellent working quality, and from their comparative 
freedom from iron Aid alkalies they are valuable, owing tfe 
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their refractoriness and their great whiteness tWien fired, , Their 
specific gravities may lie taken as ranging from 1 '725 to 2'250. 
While the belter qualities are much used for earthenware and 
Btoneware manufacturers, others ape very suitable for flooring' 
tiles, drain-pipes, Wl other pottery wares. 

These clays generally appear to be derived from the dis¬ 
integration of other rocks, awl the natural separation of their 
constituent materials by the aid of water and atmospheric 
influences, which have resulted in local deposits of them—as iu 
the case of steam ore and china day—which in some places are 
coarse and impure, in others finer and more or lea, free of 
impurities. Some of them arc much in request by sculptors 
and modellers, ( 

In the clays derived from the decomposition of felspars, 
there is'always to bo found a considerable quantity of free 
silica in the form of quartz sand. 

The whitest clays are esteemed the purest, but Dr. R. 
Watson, in his valuable chemical essays , 1 t a work which has 
been highly recommended by«Dr. Percy, in his popular lectures 
on metallurgy in Jermyn Street Museum, states (vol. ii. p. 256) 
that “I took 16 oz. of the finest pipe clay from Dorsetshire, 
and by repeatedly washing it in large quantities of water ijjid 
pouring olf the turbid water, I collected a sandy sediment, 
amounting, when well dried, to 3 oz. 1 have no doubUthat 
this clay contained a much greater proportion of san^ thaiT 
what I had been able to collci* ; for the white particles which 
had been suspended in the water certainly consisted in part of 
• a sand of a finer grain than what had settled to the bottom, 
for they were sensibly gritty between the teeth. It nia^ easily 
/lie conceived that, in washing clays, the finest part of the sand 
(silica) contained in them will remain suspended, in theater, 
and that,,on this account, the sediment collected at the bottom, 

1 Chemical Essays, by R. Watson, D.D* F.R.S., 8 vols. London; 
Evaifs, 1703.* 
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of the vessel in which the operation is performed, will not give the 
ti;ue proportion of the sand which enters into their composition. 
In confirmation of this, we have been instructed, by the experi¬ 
ments of a very "ble chemis', to consider these fine white clays 
as consisting of about three parts in eight of' true argillaceous 
earth, and of about five parts in eight of sand, or earth re¬ 
sembling powdered flints. 

In contrast to the alxivc, Mr. Maw, in the paper > above 
referred to, states, that “ in testing the peculiarly fine state of 
subdivision of the white tfertiary clays of the Ilovey Tracey and 
Wareham beds, I found that, after mixing them with water to 
the consistency of cream, and passing them through fine silk 
lawn, containing 10,000 perforations to the square inch, no 
appreciable quantity of coarse matter remained behind from 
most of the examples, not even to the weight of a grafn out Of 
several (winds of clay,” and he adds, “ I can state, from the 
result of a number of experiments on clays and marls of various 
ages and formations that such a state of subdivision is peculiar 
to these tertiary clays.” 

From these so opposite results, from two competent practical 
observers, it is evident that all these clays cannot be referred to 
a similar origin. Mr. Prestwick and many other geologists 
consider these clay deposits fo he derived from the denudation 
from»old crystalline and granitic rocks; Mr. Green, in his book 
oifGWlogy, says, “from tiro decomposition of felspatliic rocks 
carbonated water.” Messrs.* I’engelly & Heer, at p. 9 of 
their memoir, “ On the Lignite Formation of Ilovey Tracey,” 
published in the Philosophical Transaction is, make reference to 
“ the p^phahlo derivation of the deposit from the degradation of 
the Dartmoor granite”; hut Mr. Maw, in quoting their opinion, 
says thpt “ll*i» inference seems to he due more to the geo¬ 
graphical proximity of the granite to the clays of the lignite 
formation than to any mofe certain evidence ”; and further that 
“ the occurrence of beds of similar physical character and pgei 
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far removed from the source *>f granitic mate-inis, would scorn 
to throw doubt on the suggested local origin from the granite 
of Dartmoor. Mr. Maw then proceeds to give the evidence 
which has led him to form the opinion “ that*,the geographical 
distribution of the white tertiary clays, which are either super- 
iinjiosed on, or in close proximity to, thq,chalk, suggests their 
derivation from it rather than f-om the granitic, rocks. Mr. 
Maw’s paper is exceedingly interesting, and well worthy the 
attention of all interested in the composition and qualities of 
these clays, hut limited space prevents a full resume of it here. 
Were all the white clays as free of siliceous material as those 
he investigated, there would he little difficulty in coinciding 
with his opinion ; hut how about those from the ^-ime deposits, 
containing such an excess of rilica as those examined by Dr. 
Watson contained 1 

Those clays which are so free of siliceous ingredients as those 
referred to by Mr. Maw will require a much larger admixture of 
flint in the slip than those tested by Dr^ Watson, and such 
marked differences in the constituent composition of these 
pottery clays show how foolish the dependence in potting of 
any mere “ rule of thumb ” practice of compounding slip bodies 
must necessarily he, in securing uniformly good biscuit wares. 

9 

Pipe Clay.—As supplementary to the analyses of those, the. 
following analysis, by Dr. Yoele.ker, of white pipe clnj'fiTlm 
Newton Abbot may be given 1 , as it is quoted by Mr. Maw in 
confirmation of bis opinion of its derivation from the watery 
dissolution of chalk. 

Soluble in hydrochloric acid:— 


Moisture and water of combination 


. 9-09 

Oxido of iron 



• ,0-50 

Alumina 



. 18-05 

Lime . 

• • < 


. 0-18 


• t 

i 

€ 

. 0-11 
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Total 8o1u1)]pb in liydrochlorie#ipiil. 

. 27-98 

Insoluble in hydrochloric aciij:— 

Alumina ... • 

. 18-87* 

Lime. 

. 0-25 

Magnesia. 

. 0-18 

Silica . . . ' 

. 51-88 

Alkalies and loss. . . • . 

. 0-88 


- 7?'04 


100-00 

Those clayn arc often of grey or blue colour before exposure 
to the air, but when so exposed become, from further oxidation, 
more or less^rellow or red. 

The following is an analysis of a yellow clay used jpr coarse 


ware:— 

Silica . •.58-07 

Alumina.27'38 

Iron oxide %.3*30 

Lime. '50 

Magnesia.trace 

Water, etc.10-30 


99-55 


Blfcck Clay owes its distinctive colour to the quantity of 
jaflxUeaceous or bituminous matter which it contains; one 
variety of it, containing 13 per cent, of carbon, burns extremely 
whittf, which is caused, Mr. Maw states, “ by the reduction of 
its sesquioxide of iron in the kiln by reaction with its carbon- 
veeous ipattor.” lif all these clays the black colouring matter 
is entirely consumed and dissipated in firing, leaving the 
biscuit ware oj a very good white, and which, indeed, is said to 
be the*whiter in proportion as tire clay has originally been 
blacker. The analysis ofr a variety of this dark-coloured clay 
was given in, a former chajftgr as; silica, 72‘23* alumina, 
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23-25 ; oxide of iron, 2-54 ; alkalies and alkaline earths* 1'78; 
loss 0'20= lOO'OO. o This was an analysis by Prof. Way of. a 
black pipe, clay from the Lower Bagshot deposits in the Island 
of Brankseo, Dorsetshire. 

Cracking Clay is so called from the, tendency it possesses of 
causing the ware, to crack in the, biscuit tiring. This tendency 
to cracking may, to a great extent, be corrected by a judicious 
admixture of oilier clays and Hint, but probably the clay 
would be little used in potting, owing h' the trouble and un¬ 
certainty this occasions, were it not for the fael that it produces 
a biscuit ware of extreme whiteness. 

O 

Browp Clay owes its colour to manganese probably. It 
produces a white biscuit ware, but this lias such a tendency to 
imbibe moisture, that many potters refuse to use Jliis clay at all. 
The moisture which it imbilies in the biscuit state is parted 
with only in the glost kiln, and its escape tjiero causes the glaze 
to craze much.This clay besides will not bear exposure to any 
great amount of heat, and it is therefore generally only used for 
black and common red wares. 

The following are the analyses of two varieties of it, the first 
of which is from Dorsetshire:— 


Silica 

. g3‘00 . 

. 4844 

Alumina . 

. 32-00 

. . . 34-20 

Oxide of iron . 

. 3-00 

. . . 7f4 

Li mo 

. 

. 1-48 

Magnesia. 

. 1 -oo 

. 1-94 

Water and Loss 

1 -oo 

. . . »5-14 


100-00 

100-00 


Blue Clay is decidedly the best of all the ball clays. That 
jfrom Dorsbtsliire is preferred tc the Devwshire tor earthenware 
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and stoneware manufacture, amt commands a higher price in 
the potteries, which may on an average he ahouf an eighth 
more than the price of the latter. Tins clay combines the 
greatest numl>or»of good qualities. It produces a very white 
and solid body of ware. It is capable of being advantageously 
mixed with a grealc* percentage of flint than any of the other 
ball clays or china clay. TliUs not only increases the whiteness 
of the ware, but produces a better body, and counteracts also, 
to a great extent, the tendency of the clays which have an 
excess of alumina in theif composition, to shrink too much and 
crack. Its colour has been attributed to its being derived from 
flic decomposition of the felspar of syenite, a variety of granite 
in which mtoa is replaced by hornblende; but if its origin can 
he proved to be from chalk, its colour must then lie attributed 
to a protoxide of iron. Mr. Maw gives the composition of tiio 
Poole clay, si;extensively used in tho potteries, as silica about 
60 per cent., alumina about 34, potash 2, oxide of iron and 
water about 4= IOC'00. 



0UIH1N ANTI COMroXITloN OF HOUSKTSUI11E AND 
DEVONSHIRE CLAYS 


I N tlic previous chapter a quotation is given (p. 28) 
from Mr. Maw’s paper in the Qtiarlerli/ Journal t,f 
the Urolntjiral Suriehj, in which lie quotes Mr.. Charles D. 
Make, of Newton Ahhot, us stating that “ the mines there 
pfoiluco clays containing silica and alumina in every proportion, 
from 95 to 50 per cent, of the former, and from 50 to 4 per 
cent, of the latter.” Now, by referring to the first of these 
articles on (days, it will be seen that clays are essentially 
hydrated silicates of alumina—that is, they are composed, when 
pure, of a chemical combination of silica, alumina, and water 
—the alumina having the property of absorbing and retaining, 
under less than a very high temperature, a considerable pro¬ 
portion of constituent water, to which the plasticity of the clay 
is due. Clays rich in alumina, known as “ fat,” arc thus more 
liable to cracking and shrinkage than poorer or “meagre” 
clays; but this tendency is corrected by the presence of a due 
proportion of silica, clays deficient in the latter requiring, of 
course, a larger proportion of ground Hint mixed with them in 
the slip to produce a good sound biscuit bwly. Itcsid^s their 
constituent or chemically combined water, clays are found often 
containing greater or less percentages of moisture, which is 
called their hygroscopic water, and which they part viltb .in 
drying,'or at a low hoat, while it requires a red heat to deprive 
\j\e\f of tlffc fcjriner. Now it,ft evident that jny substance 
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containing 95 per cent, of silica, fnd, say, 4 'per cent, of 
alumina (which ra the minimum percentage found in the 
Newton Abbot mines referred to), could ynly—supposing them 
perfectly pure, and thus free of all impurities, such as iron, 
lime, magnesia, etc., and alsq quite dry or free of all moisture— 
have 1 per cent, of constituent water (05 -^4 +1 = 100). As 
noue, however, of these clays are found absolutely pure, but on 
the contrary have at least from 2 to 4 per cent, of impiritfcs, 
there cannot.be in this case sufficient water to impart plasticity 
and to constitute clay. It is therefore probable that as the 
disintegrated material of {fie rocks from which the deposits in 
these mines have been derived — whether from the decom¬ 
position •and waste of the Dartmoor granites or otherwise— 
have been deposited, owing to the different specific gravities 
of the silica ami alumina, in various beds differing widely 
in their respective proportions of these materials, that thdse 
referred to by Mr. Make are really deposits of silica, mixed 
with 5 per cent, of alumina, and iron, lime, or other im¬ 
purities. % 

Mr. F. W. Dudley, of the Museum^ of Fractal Geology, in 
his remarks on the origin and composition of clays {Catalogue 
of Specimens, p. 4), says, that “ when the remains of the 
decomposed felspars arc washed into localities where they 
become mingled with other earthy matters in a finely com¬ 
minuted state, or when they have been derived from a rock 
wliicli contains decomposing hoijibloude, the resulting material 
is no longer white, but is variously coloured. Even when we 
suppose the purer varieties to have been deposited in the first 
instance, and to have formed distinct boils-as, for example, 
the claps of llovejf Heathficld, in Devonshire, which appear to 
have been washed, with other detrital matter, and even trees, 
fromUie graaitie region of a part of Dartmoor in previous 
geelSgieal times—it is easy to seo-tBat these clays may be agaiu 
removed by atmospheric influences, rivers, and other abrading 
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' agents, anil tlms he rendered impure by the admixture of a 
variety of substances brouglA into intimate association with 
them by these causes;.” 

In thiiMvay beds of re deposited clays of very varying com¬ 
position may occur, more or less widely dispersed, and of 
varying thickness'. 

In reference to the Teigmnoulh clays, We la Roche says: 1 — 
“ These clays ” (which he calls supra-cretaceous or tertiary, they 
having not, when he wrote, been ascertained to be of Miocene. 
Age) “ are stated to have been iirxt worked about the year 17.30, 
and would appear to have been formed naturally, much in the 
same manner as is now done artilici.dly in Cornwall and Devon, 
though on a larger scale; decomposed granite havieg been 
washed down from Dartmoor into a lake or estiSuy, so that 
while tl^ 1 grosser particles were, first lodged at its higher end, 
nearest the granite, the, fine sediment was accumulated at the 
lower part.” 

The l’oole clays, Mr. Hadley states (p. 5), “are examples 
of tolerably pure clays (that is, eontainin^. a large proportion 
of silicate of akimina, w;ilh free silica, but without injurious 
ingredients) which have lieen accumulated far from any de¬ 
composing crystalline rocks, such as granites, porphyries, and 
the like. ... Its decomposed felspalhic matter, allbrdingethe 
silicate of alumina, and a portion at least of the free silidfv, may 
readily have been derived from other beds, such as Chose 
of many sandstones, in whicii that matter may have^tieen 
disseminated. Prior existing clays may also have been broken 
up and re-deposited.” 

As sandstones seldom contain much felspathie ingredients, 
jl other than the siliceous, it is more probaBle that tilt Poole 
clays have been derived from the waste of clay-slate rocks—an 
opinion held by Mr. Robert Hunt, F.R.S., of the Mining Record 

1 JUpQft mi tin : Geology of Cornwall, Devon , ami Went Somererl, by 
H. T, do la licelic, F.K.S., 8vo, 1839._ 
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office. These clave appear to have l»en worked* at an earlier 
date than the Tci^nuouth elays-e-at all events they are referred 
to in an “Order of Council,” in 1606, which dirests that no 
dues were to be jtuid on tobacco-pipe clays* by which name the 
1’oole clays are designated in an Act of Parliament, obtained by 
Poole, in 1706. Mr. Kmlley gives an extract from Ilutehing’s 
History of Dorsetshire, published in 1774.— for which he 
acknowledges himself indebted to Mr. William Joseph* Pike, 
of Warehanj—in which it is staled ihat these clays'are the 
chief exports from the “ Key of Wareham ”; and from the edition 
of that work published in* 1796, he quotes that “good tobacco 
pijie clay is dug round this town (Wareham) at Arne Hill, 
Reneges Hill, Xonion, etc. It formerly sold at 50s. a ton, 
but now (4796) at 14s. or 15s. Nearly 10,000 tons are 
annually exported to London, Hull, Liverpool, Glasgow, etc., 
but the most considerable part to Liverpool (ltuucorn), for the 
supply of the Staffordshire potteries, and to Selby for the use 
of the Leeds potteiies. The principal pits are on Norden and 
Witch farms, the former belonging to William More ton Pitt, 
Ksq., and the latter to .loliu C'alcraft^ Esq., an^l the clay taken 
from the same is in great repute with the Slalfordshiro and 
Yorkshire potteries from its peculiar excellence, and being the 
principal ingredient in the ware commonly called Staffordshire 
ware,*o universally in use in this Kingdom, as well ns in many 
parfe of Europe.” In 1874 the production of Poole clays was 
797205 tons, and of Teignmouth clays 59,789 tons. The 
production in 1882 will be given at the close of these papers. 
Brislow states that much of the Dorsetshire pipeclays, which 
are not of sufficiently good quality for use in the potteries, is 
convened into alufh by treatment with sulphuric, acid. In his 
paper on the white clays of the Lower Tcrtiaries already 
refeired to, *Mr. Maw gives the under-noted analyses of the 
jirttffoi the Bovcy Tracey lignite deposits, No. 1, being a china 
ball (or pipe) clay, and *No. 2, a blue ball clay from'Newton 
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1 Abbot; he also gives, No.*'3, an analysis of blue ball clay from 


Waroliam. 



No. 1. 

No. 2. 

No. 3. 

Silica . . .#* . . « 

. 67-50 

. 47-00 

00-00 

Altunin .... 

. 29-00 

. 48-00 

34-00 

Oxide of iron .... 

. i TOO 

. ‘1-BO 

2-50 

Magnesia .... 

. 1-50 

o 

o 

:i 

— 

Potash . 

. — 

t — 

2-00 

nVtyor and waste . 

. POO 

. 1-50 

1-50 


100-00 

100-00 , 

100-00 


Mr. Rudlcy gives the undernnted ns the relative composition 
of the ball clays of Devon anil Dorset rf-spectively, from analyses 
made in the Laboratory of the. Museum of Practical Geology, by 
Mr. IV, Weston, viz.: - 


Jioveypr Trigmntmih Clan, a natural Kaolin from Borey 
' Heath field, Devonshire. 


Silica. 

. . . 52-00 

Alumina. 

. 29-38 

Potash. 

. 2-29 

Lime. 

.' . . 0-43 

Magnesia . ‘ . 

. 0-02 

Protoxide of iron .... 

. 2-37 

Water, combined .... 

. 10-27 

„ hygroscopic 

. 2-50 


99-38 

Boole, or Blue Clay, from Wareham, Dorset shire. 

Silica. 

. 48-99 

Alumina. 

. 32*11* 

Potash. 

. 3-31 

Lime. 

. 0-43 

Magnesia. 

. " . . 0*22 

Protoxide of iron .... 

. 2-34 

Water, combined .... 

. ,. 9-03 

„ hygroscopic . <. t . 

. 2-5s 


99-38 
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Ansted 1 gives the following analysii as that of the best blue 
clay—such as occm* in the Warebam beds, viz.:— 


Silica. c . 


. 16-38 

Alumina. 


. ^8-04 

Iron oxide . • . » 


. 1-01 

Lime. 


. 1 -20 

Magnesia . % 


. . trace 

Water. 


. 13-57 

• 



100-23 


In the Island of Vurla-clt there are deposits of clay of such a 
variety of composition, that they may be found there suitable 
fol every purpose, except those for which kaolin, or the best 
china clays, *re required. 

1 Lectures on Vmdh'al (leoloyy , l>y Professor J. T. Aii.stal, M.A., 
F.R.S., London, 1865. * 










CHAPTER VII 


OliiaiN AND (ICCUItllKNCK OF KAOI.IN 4>\l CHINA CHAT 

H a\ l\c now given a brief account of those pottery days, 
so called, cliielly used in the manufacture of earthenware, 
it may be interesting to refer shortly.to a noticeable difference 
in at least the mode of occurrence, if not in the origin as well, 
of these clays from that of kaolin, or china clay proper* 

The former may he called natural product* in contra¬ 
distinction to the latter, which are so far artificial that, with a 
fe'.v exceptions—which are sufficient to show, however, that 
the difference between them is more accidental than essential— 
they do not occur as deposits lit for use without certain 
processes of preparation, which are not nei^ssary in the ease of 
the former. 

The pottery clays, whatever their origin, have been separated 
from the rocks from which they are derived by the disintegra¬ 
tion of the latter by natural agencies, chemical and atmospheric, 
and except in such cases as those referred to by Mr. Maw, in 
which they are found in hollows of the chalk or lime^lono 
rocks, from which they have, probably, as he believes, 1!con 
derived, have afterwards by rains or streams been gradually 
washed down, during long periods of time, into lakes or 
estuaries, until they formed thick beds, such as those of Bovey 
Tracey, AVareham, I’urbeck Island, and ofbet localities. 

In the tmnsport, by the agency of running water, ot the 
materials separated by the chemical and atmospheric action 
referred to, from the rock mhsscs they have licen derived 
they would naturally, according to the’nature of the intervening 
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ground and the length of transit froAi their higher source to 
their final deposit, Bo assorted into beds of varying composition 
—particles of undccomposod rock, grains o{ quartz, iron pyrites, 
and other impurities, being the heavier ’of these materials, 
would mostly be gradually ^eft behind, cn route, or deposited 
near the margin of the, lakes or estuaries; ■’while the finely- 
divided particles of clay, owing to their lighter specific gravity, 
would bo carried beyond these, and ultimately deposited in the, 
beds, of whjfli they constitute the bulk, in a comparatively 
pure state. As the clays of the liovey Tracey beds may 
probably have been carried, so far as they have been derived 
from the granites of Dartmoor, a distance of 10 to 12 miles, 
if* not more, it is thus easy to account for their comparative 
purity. Onsthe other hand, where any of these clays, or those 
of the l’oole beds, have lieen derived from other rocks, such as 
chalk or clay slate, or perhaps in some eases from previously 
formed argillaceous sedimentary deposits, from a loss distanco, 
the freedom of those rocks or deposits from the other 
ingredients, associated in the granites with those constituting 
silicates of alumina, would as satisfactorily account for their 
purity. 

Thus, whatever their origin, these jmttcry clays are found 
deposited in thick beds, washed and freed by Nature's hand 
from all such extraneous ingredients as would otherwise have 
prevented their employment without such preparatory processes 
as are necessary to produce kaoljji in a state fit for potting and 
other manufacturing purposes. 

Tfie mode of raising the Tcignmouth and I'oole clays is an 
extremely simple, one. It is thus described by De la Ileche 1 :— 
The gwvel or othef surface covering, or “ head,” as it is culled, 
being removed, large rectangular pits are sunk, the sides of 
which are supported by timbers. As the pits are sunk stages 

~*-^Ikport oi i the Geology of Cornwall*Devon, and Wed Somcrict, by 
Sir H. T. De la Beclio, F.R.b’., 1839. 
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are erected, end the wortmen who cut out/the clay in cubical 
lumps, weighing from about 1 30 to 39 lb. mach, fling them up 
by means ,-if a pointed staff, from stage to stage, according-to 
the depth, after whfch the lumps are carried to the clay cellars 
or sheds,'whence they are forwarded, when* sufficiently dried, 
for shipment to the potteries or elsewhere. 

As might naturally be expected, these beds of clay, occurring 
thus in a state ready for use in the manufacture of pottery, 
were certain to be utilised, as they were, at an earlier period 
than that in which, owing to the increased importation of 
Chinese porcelain—first introduced into Europe as an article of 
commerce by the Portuguese, about the year 1520—(although 
there arc notices of Eastern porcelain having found- its way 
there twenty years or more previous to that date) Uu improved 
taste, an<| the consequent desire to imitate and rival the Chinese 
pdl'celain, led to numerous attempts to improve European wares, 
and for that purpose to find superior clays to the pottery clays 
then in general use. Although, however, it is said that a soft 
paste was made in Florence as early as lf/SQ- it was not till 1709 
that lldltcher yas succyeful in finding china clay and in 
making white porcelain in Saxony. In 1710 lie was appointed 
by Augustus n., Elector of Saxony, director of the Meissen 
factory, and live years later he succeeded in making excellent 
true hard porcelain there. That factory is still in operation, 
and producing the fine porcelain known as Dresden 
What clays lliittcher first lipcd in Saxony is not known, 
although it is probable it was those found at Seilitz, near 
Meissen; hut he finally employed the china clay of Auc, near 
' Srhneeberg, in the Erzgeberge, one of the host-known localities 
^or it in Europe; where the finest jiorcelam clay is obtained 
from beds of decomposed gneiss—a metamorphosed granitoid 
rock, composed like granite of felspar, quartz, asd miciL In 
gneiss the felspar often, if dot*generally, occurs in a soft staWy 
and destitute of potash, or nearly so, and by decomposition thus 
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readily .produces k-nolin. Tliis ^kaolin was long known as 
Sclinorr’s white earth, owing, it is said, to its discovery hy John 
Schnorr, an iromnaster, who, riding near Aue, observed a soft 
white earth adhering strongly to his horse’s feet, this was 
subsequently used and sol'd largely as hlir powder, as a 
substitute for wheafc-llower, and some of it coming into 
Bottchcr’s hands, lie. was led, from linding it heavier than the 
ordinary powder, to experiment with it, which resultechm his 
discovering its identity, as was then supposed, with the 
Chinese kaolin—thb substance ho had long sought for the 
manufacture of his porcelain. 

*This yprce.lain earth of Aue, according to a report hy Mr. 
Oelschlagel, Referred to hy the late John Hawkins, F.R.S., 1 
occurs in a cone-shaped, eruptive, granitoid mass, covered by 
luieaeoous slate, in two Ix'ds, separated by a bed of granite, tire 
whole of which is in a very decomposed state; the felspar 
being converted into kaolin, which constitutes from a fourth to 
a fifth of the mass, mixed with quartz, umlecom]iosed orthoclase 
felspar, mica, oxide of iron, and piniteu the purest being found 
at the top, and the lineness and friableness of it diminishing in 
depth, until it passes, through all degrees of induration, into a 
firm crystallisation of felspar, while the quartz and mica occur 
in masses easily separable by the hand. 

Next to Ane, the principal spot in Saxony where the 
porcelain earth occurs is at the village of Seilitz, above 
mentioned, where it is found 20 feet thick, with a covering of 
clay "frith shells, and resting on a bottom rock of jiorphyry. It 
is mixed with quartz and particles of greyish clay; and lumps 
of pure # kaolin of tfco size of a man’s fist occur in the mass. 
This porcelain earth is more free of oxide of iron than that of 
Aue, but it shijnks more in the kiln, and produces a less durable 
pjjpdfin. Mr. Oelschlagel’s opiiyon of this porcelain earth is, 

1 In a paper in The TrmmeUm of //« Qcoloyical Society of Cormpall, 
vol. vi. p. 82. * 
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that it 1ms been formed frogi the decomposition of psrphyry. 
He probably means a porphyritic granite, such as that, of 
Cornwall and l)et on, containing large prismatic crystals of 
felspar, 'oy the decomposition of which the clay would 1m 
produced. <« 

In the Principality of I’assau, in Austria, Gelilen slates that 
haolyi occurs at Kellberg, in a district of gneiss and granite, 
near fcne surface, and in a state of great, although much-varied, 
decomposition, the folspar, in some portions, lieing found in 
every stage of disintegration, in others, ehtire and unaltered. 
The chief deposits of the kaolin are formed, he says, by stratified 
masses of decomposed felspar, alternating with a vc,ny decom¬ 
posed gneiss; and while the felspar, on the one lif ial, occurs in 
every possible stage of decom]H>sitkm, the kaolin, on the other, 
adhibits various degrees of fineness, or of pulverisation, some of 
it being so pure and impalpable as to be wholly suspended in 
running water, while others retain a sort of grittiness to the 
touch, seemingly occasioned by an iinperfeet or disturbed 
crystallisation^ Prom the beds at Kellberg, near I’assau, the 
Royal Factories of Vienna and Munich are supplied with 
kaolin. 

In 1750 the manufacture of porcelain was cotnmcngfd at 
Berlin, and in 1763 Frederick ii. liought the works there, and 
converted them into the Berlin Royal Factory. The Berlin 
porcelain is made from kaolin found at Gomritz, below fialle, 
in the district of Magdeburg, and at Gothenburg and Giera, in 
Lower Silesia, 

Among the European ltoyal Porcelain Manufactories, that of 
Sevres holds the first rank. It was purdiiased by I^uis xv., 
in 1759, who appointed 1 Soileau director, and, besides perfecting 
the works, the latter occupied himself in the endeavour to make 
hard paste, and made sevtraj attempts, by purchase an^rifcfr- 
wise, to secure the secret of the prbeess claimed to be in the 
possession 1 of the Hannongs, of Strashwg, and others, but un- 
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success&illy. As .Ta , 'qnetnart lias said, 1 “The invention of real 
haril pottery is less within the domain of ceramic industry than 
of geology; there—no eiforts of imagination, of creation properly 
so called—the felsppthio rock must 1« had; the rest comes from 
one’s self. Porcelain produced herself naturally the day when 
people, strangers to "cirnce, had laid their hand upon the 
sought-for clay.” “ And it was by chance at last,” says th“ 
same author, 2 “that Franco acquired the coveted material.” 
“ One Madame Barnet, wife of a surgeon of St. Yrieix la Perche, 
about 10 leagues from Lifiloges, found in a ravine a white, 
unctuous earth, which appeared to her fit for washing linen. 
SIR showed it to her husband, who, more versed in the questions 
of the moment, suspected that this might be the clay they sought 
for. He ran to an apothecary at Bordeaux, named Yillaris, 
who recognised it to he kaolin. Then took up specimen’, 
which were transmitted to the chemist Macquer, of Sevres. 
He went to St. Yrieix, in August 1765, and, after repealed 
experiments, was aide to read tu the Academy, in June, 1769, 
a complete memoir upon French hard porcelain, and to exhibit 
perfect types.” The composition of the St. 'Yrieix kaolin, 
which is that used at the Sevres factory, is—silica, 48‘00; 
alun^na, 37'00; alkalies, 2'05. It occurs thero very abun¬ 
dantly ii decomposed granite, resembling that of Cornwall. It 
is generally white, sometimes, from the presence of iron, of a 
yellowish tinge, and has very little mica. Like most of the 
kaolins, it is meagre to the touch, and contains a good deal of 
free Silica, in the form of quartz grains. It makes a very trans¬ 
parent porcelain, and since its employment at Sevres, the fame 
of theJ3t. Cloud factory has been much enhanced, especially 
under the uble scientific directorship of the late M. Alexandre 
Brogniart. , 

nf the Ceramic AH, by*Albert Jacijuemirt, 2nd edition, 
1877, p. 573. 

9 Ibid, p. 678, 
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From the dates above givpn, it will appear that the discovery 
of china ^lay in this country was almost contemporaneous with 
its discovery in France, and not long after its discovery in tho 
comparatively few localities in Saxony and,,other parts of the 
continent, where# as yet, it has been found. The instances, and 
dates of those given, may suilice, as Ihescfcchaplcrs have to do— 
sot yitli the history of European, or even English earthenware 
and jiwcelain, but—solely with the potting materials them¬ 
selves. 

In 1745 an adventurer brought"back' With him to London 
from Virginia some kaolin, which, owing to its rarity, sold at 
that time for 13 guineas a ton. William Cool;\j’.orthy* a 
Flymouth quakor and chemist, is said to have ha4 his attention 
directed to this material by the person just referred to, and as 
Ik. had'started a pottery at Plymouth in 1783, he, it may lie 
presumed, was much interested in it; and having a great 
aptitude and liking for geological research, he doubtless, during 
his journeyings through Cornwall, had boon long searching for 
a superior clay to thosmof tho Teignmouth and Poole beds, 
which he probably had 'been using in the above works. The 
existence of the Cornish clay and stone may have been known 
to him for some time ere he could favourably for lii^own 
interest make it publicly known. It lias not been*, clearly 
ascertained when he first discovered them, hut from a thort 
account of his life published by his grandson , 1 it was about the 
year 1755, and if so, it was the first discovery of tho china 
stone in Europe. It may he presumed that the stone wife dis¬ 
covered by him first, and that by further investigation and 
experiment by levigation of the clay so often found associated 
v^th the china stone in situ, ho found it to be kaolin. From 
his grandson’s account he appears first to have fpund both the 
stone and clay at Tregonmng Hill, near llreage, then 

1 Memorials of William Cookworthy, ‘ by his Grandson, with an 
Appendix, IAudoi, 1854, Also amjfhcr Appendix published in.1872, 
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parish oJ St Stephen’s, and afterwards in the domain of 
Boconnoc, the family scat of Thomas l’itl, nephew o^tho Earl 
of Chatham, and afterwards Lord CiunclforS. In 1708 Cook¬ 
worthy, in companyswitli tlie latter and others, secured hy patent 
the exclusive use of the Cornish china clay amf stone, and with 
these materials, alongaprobably with the clays of Devon or 
Dorset, carried on the manufacture of porcelain for some jfeaiS 
at the Plymouth pottery, which undoubtedly was the one at 
which “liurd" or true porcelain was first made in England, 
liorlase, in his XaluTal- HiMnj of Cornwall (1758), mentions 
white clays at Tregonning Hill, but without being aware of 
theTr nature evidently. lie states that Cookworthy had made 
experiments the Jlrcagc ebina stone, and that it had lieen 
found useful for the manufacture of porcelain, l'rvci^ in his 
Minerrdoijia Cornubiensis, published in 1778, states “that 
artificial kaolin (china clay) was then prepared in the parishes 
of lireage and Kt. .Stephen’s hy repeated washing with clear 
water, and afterwards packed in casks and sent off, and that 
Mr. Cookworthy, hyliis late improvijnents at his porcelain 
manufactory, then established at Bristol (having been removed 
thither from Plymouth), was likely to pJbduee ware which 
shuul^rival tiro best Asiatic china.” 



CHAPTER VJli 

C0BS1SII CHINA CUT-COMPOSITION AN!) ANALYSIS 

P ORCELAIN clay is the purest form of hydrated silicate 
of alumina, and is a substance of comparatively rare, 
occurrence in a natural condition. Even the material from 
which it is generally artificially produced has as “yet been 
found in Europe hut in few localities ; and in England only 
in the granite rocks of Dartmoor in Devonshire, and in those 
of Cornwall. From the fact of (lie great hulk of its production 
in England being from the latter county, it is often called 
Cornish clay; hut the name by which it is best known, and 
which is that generally used by potters^* that of china clay. 
Outsiders—scientists and others—usually call it kaolin, hut, 
if by that is meant that, it is really identical in composition 
with the, Chinese kaolin, it is questionable if that name ho 
not a misnomer when used for Cornish clay. Kaoliil" how¬ 
ever, has been so long in general use, and is so effort and 
convenient, that it will probably continue to he used for 
Cornish (day, so long at ldhst as people are satisfied to use 
such names as shell-fish for molluscs, which are not fish at all; 
or black-lead for graphite, of which pencils and crucibles are 
made, and which luus not an atom of lead in its composition. 
Tj^e Chinese, porcelain clay will he referred to at length. In 
the meantime, however, it may he suggested that “ clarclazin ” 
would ho a more correct scientific name for Cornish cky than 
that of the Chinese ternf kholiu, as being derived from *{ho 
furrier decomposition of the granitic rook, for which the 

diajpe of *“ clftclaaitc ” has l»ecn proposed hj- Mr. Collins, 
60 
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in his valuable monograph of , Thu Ilenebarrm Granite 
IHutrie/. 1 

Mr. Collins’ monograph treats %o fully of* china clay and its 
, production, that itaonght to he in the hands of every potter 
who takes any interest whatever in the maforials which he 
employs or works witlt. 

There are many persons, however, in every trade wh4 db 
not interest tljemselves in the natural history of the materials 
with which they work; and while space cannot he afforded 
in its pages for such full* details as are requisite for the 
completeness of monographs of the various materials used 
hy*lhe trade, its proprietors have hern encouraged to provide 
such popular accounts of these as may he likely to awaken 
a scientific interest in them, amongst those of its # readers 
who may not hitherto have thought of them in this 
way. 

Although, as will he shown hereafter, there are other rocks 
than granite from \jiich china clay flight he, and probably 
before long will he, produced, its production as yet has been 
confined in England to the material known in Cornwall as soft 
“growan,” which is a more or less decomposed granite. It is 
by tli? decomposition of the felspar of tlio granite, which is its 
baseband constitutes never less than a third and generally at 
least one half of its hulk, and sometimes oven more, that its 
disintegration occurs. It has b&n shown - that in the largest 
granitic mass in the United Kingdom, that, namely, which 
runs ^hntli of Dublin, for a length of 70 miles or so, the 
granite contains 52'94 per cent, of felspar, while the comjiosi- 
tion of the granite of Slievenaglogh (Mournc Mountains) 

1 The Ilcnsba^row (hmits. District, by J. H. Collins, F.G. 8 . Lake & 
La^Trnro, 1878. 

! In a paper on the “ Lower Palieozoio Rocks of tho SonU^East of 
Ireland,” by Professor Haugbton.and J. lieete Jukes, Trane. Jl. I, 

A pnAp/mn ml. triii “ 
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shows a still larger proport : on of felspar, it being composed 
of— , 

Quart;.‘iO’TO 

felspar. . . ' , . C6-37 

Mica.1276 

»0-83 

and the felspar of the llcnsharrow granite, forms two-thirds, 
or CC'60, of the mass, according to Dr. L’erger. 1 Professor 
llaughlon 2 holds that the granites of Cornwall were, in their 
primitive condition, of igneous, and not like many other 
granites, of aqueous origin, hut they are of a much looser 
texture than most granites, and therefore more 'readily disin- 
tygratedc'by atmospheric influences. Mr. Sorhy, !•'.<!.K., who is 
so famous for his microscopical examinations of rocks, concludes 
that the granites of the Scottish Highlands indicate a pressure 
when being consolidated of 20,000 feet more than in the case 
of the granites of Cornpyall. 3 This may* help to account for 
the fact of their being,"in some localities, so generally reduced 
to the condition of grnwun, and of the absence of a similar 
material in most other granitic districts. 

The felspar of the Cornish granites is generally that known 
as orthoclase, a potash felspar; and it is mainly from the 
decomposition of this that the china clay is produced. Its 
composition may Ihj given as follows, viz.:— 

Silica.65*50 

Alumina.16'80 

Potash.- 1770 

to. 

100-00 

o 

1 Geological Tramaclious, O.f^, vol. i. 

' 2 Manual of Geology , by tholicv. Samuel Uaiighton, M.D., F.E.S., p, 41. 

3 “Observations on Granito,” Geological Society's Journal, vol. xiv. 
pp. 4/53, etc. 
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This’shows it to ^>e rich in potash, and if this alkali was 
retained in the china clay, it would become fusible and 
unsuitable for the manufacture of porcclait, the refractoriness 
of the clay being # ontirely due' to the absence of alkalies or 
alkaline earths. Its composition may be given as— 

Silica.4Ei'40 

Alumina . ...3!) A * 

Water ..13-DO 


JSbw in comparing these two substances, it will be at once 
seen, tlffit of the silica of the felspar 19-10 lias disappeared, 
and that, while the whole of the potash, 17-70, lias also gone, 
the alumina has been increased by 22-90, while thenftlosjof 
13-90 lias been replaced by water, thus— 

Silica . . — 19'3 0 y Alumina . . . 22 "JO 

Potash . . -37*701 * Water. . . . 13*00 


Some geologists maintain that china clay results from the 
decornpositiou of the white soda felspar, albite, an ingredient 
of sonw; granites. Professor Ansted, for instance, says: “ The 
kind of granite which most readily decomposes is that whose 
felspar is of the variety culled *lhito, a pearly white variety 
in which soda replaces the ]a>tash of ordinary felspar.” 1 Its 
composition may be given as- 


Silica . 
Ado ni inn 
Sobs 


1 Lectures on Practical (leolmjy, by Professor I), T. Anateh, JJ.A,, 
P.H.8. Ikfdvoekn, lStij. * 
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And comparing this with the foregoing formula of china clay, 
it will be noticed that in this case 22'90 of tho silica has 
disappeared, and ^iho whole- of the soda, ll'G0 = a loss of 
:U-50, while there is an increase in the alpmina of 20'GO, and 
the addition of , 3'90 of water, th'as showing - 

r 

Silica . . - 22*1*0^ Altunina , . . ttO'GO 

Sotlx . . - 11-COj 1 Water . , . 13'90 

31'SO - SI'SO 

As in the other case, the alkali soda, if retained, woidtl also 
destroy tho refractory character of the clay. c ' 

Now the question will at once present itself to anyone 
looking at these results of the decomposition of tho felspars— 
what lifts taken plaee by which the plastic refractory china 
clay is produced from a highly fusible, anhydrous, and unplaslic 
material ? 

In an interesting article on Cornish china clay by Mr. James 
Quick, 1 it is allirmed tffat “No generally accepted conclusion 
Las yet been arrived at as to the direct causes of the formation 
of kaolin. Indeed,* be says, “ no very great amount of scientific 
inquiry lias yet been brought to bear upon the subject. M'att's 
Diclioranj of Hhemislnj, vol i., says: ‘ Kaolin may bo qjipjjosed 
to lie formed from orlhoclase or K.,< lAI 4 0.,,GSi(by tho abstrac¬ 
tion of the whole of the potash and two-thirds of tho silica, and 
the addition of two atoms of water’; hut oilers no suggestion as 
to how this may liy nature he brought about.” 

On this point, us may lie supposed, opinions of chemists and 
geologists differ; but briefly it may he, takfn for granted that 
atmospheric agencies arc the chief agents in producing the 
growan from which the china clay is separated |jy the fiction 
of water. One snch agency ^undoubtedly that of carbonated 
water ;*rain water absorlis aliout twite its volume of carbonic 
'■Quarterly Journal of H&cnu for t^itober 1ST7. 
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acid from tho atmosphere, and in a*cting upon the felspar it 
combines with the Alkalies, and forms soluble carbonates of 
potash and of soda, and these, arc carried .ofl' by the rainfall 
or streams from the higher regions where the. griuiites are 
generally found, and conveyed to the valleys and low-lying 
grounds, where they supply the necessary aliment to the soil, 
for tho nourishment of grain and other crops. The silica is 
set free—a certain part of it •combines with the alunjiu.1 and 
water to fonfi tho hydrous silicate of alumina, clay; or part of 
it remains uncombijied, and, is carried off in solution or other¬ 
wise. 

•Mr. Collins quotes Yon Buell’s observation of the constant 
occurrence of fluorine minerals with china clay, and his opinion 
that the clay in the neighbourhood of Halle owed its origin to 
tho action of hydro-fluoric acid upon the felspars ;«and also 
that of Daubree, who, writing in 1841 of that in the neighbour¬ 
hood of St. Austell, stated that it must have had a very similar 
origin ( Monograph , pp. 34 and 35). 

He further states that tho clay “ oMho. Hensbarrow granite,” 
and, in his belief, “that of all oth#r parts of Cornwall and 
Devon, is accompanied invariably by lcpidqjite” (which contains 
4'81. % of hydro-fluoric acid), “ and almost,invariably by tourma¬ 
line” (which contains 2T>0 of fluorine), “so that fluorine in 
considerable proportions is never absent,” and, indeed, “is 
everywhere present in the china clay districts.” He describes 
its action on the felspar, which Tic believes “ would readily give 
up iis alkali (anil part of its silica also) to tho fluorine or 
decomposable fluorides, and he thereby reduced to the sfyite of^ 
silicate of alumin%—part of the alkaline fluoride passing away 
in iKftution, the rest being deposited with the silica as lepidolite 
among the particles of kaolin.” 

"By whiefi of these chemical agencies tho china clay may have 
been or is produced it may he flifficult to decide with certainty. 
Probably bqjh have had a large share in the decomposition of 
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tho granito that lias taken place, in Cornwall on so extensive 
a scale, and both are protttbly still in 'constant operation in 
the prediction ofC'growan.” Mr. Collins states that a high 
temperajliro is not essential to the action of fluorine in the 
decomposition of felspar, for, he says (p. 3G), “ I have kaoliniscd 
orthoclase, and also the felspar of the Olieesewring granito by 
means of hydro-fluoric acid at ordinary temperatures, without 
appaVeptly allee.ting the other ingredients of the granite.” 

I 11 the introduction to the. Catalogue of Specimens in the 
Museum of I’metiral lleoloj/y, it, is statyd (p, 3) that “the 
jxitash, soda, lime, or oxide of iron that may he present in the 
original felspar (from which the china clay is derived)# is 
removed to a great extent in the form of soluble carbonates or 
bicarbonates by the action of water holding carbonic acid gas 
(jjrbonidioxidc) in solution”; and referring to the felspars 
which are important as constituents of rocks, “the chief 
species of which are orthoclase, alhite, oligockso, labradorite, 
and anorthite," it is stated, that while all these arc “liable to 
decomposition, under certain conditions,'and may thus yield 
(day - forming materials,' it is observable that those species 
which arc poorest | in silica, and which contain much lime, 
are more readily decomposable than those which are richer in 
silica and contain less lime, hut more jiotash and soda. Thus, 
it may be inferred that labradorite and anorthito arc more, 
subject to alteration than are the more highly silieated felspars— 
orthoclase, alhite, and nligocfise. It is, however, the three 
latter which have yielded the base of all our ordinary .clays, 
and pf these again, orthoclase may, perhaps, he regarded as 
that species which has done so most abundantly,” The 
anomaly involved in the above quotation is one requiring 
father elucidation, if the presence and action of fluorine may 
not account for it, 



CIIAJ’TEll IX 

(iollNIrill CHINA Cl,AY 

I X the las? chapter, reference was made to the Chinese 
kaolin, which it was proposed to discuss more fully in 
this one, hut as we had not finished what remained to ho 
said alxjjit Cornish clay, the. subject of Chinese kaolin must he 
jwstponed for the present. 

Cornidi porcelain or china clay is mincralogically described 
by Daivi and others, as occurring massive, or dissomiflated** 
rhombic, rhomboidal, or hexagonal scales or plates, sometimes 
in far-shaped aggregations, usually constituting a clay - like 
amorphous mass, composed of small particles, which possess 
only a slight degrce'of coherence (atid, therefore, somewhat 
deficient in plasticity); compact, friaTde, or mealy. Colours 
generally various shades of white or greyith-white, but some 
tyfnes-^-from the presence of iron or other impurities—yellowish, 
brownish, bluish, or reddish. Opaque, seetile; adheres slightly 
to iSngue, soft and meagre to the touch when dry, unctuous 
and plastic when wet. Lustre, pearly to dull earthy. Insoluble 
in acids, hut deconqiosed by hot sulphuric acid, which dissolves 
the algmina and leaves the silica. Gives a blue colour with 
cohalt solution, II., 1-0—2-25; up. gr., 201—2-03; XI!., 
infusible. 

Cdlffposition—Hydrous silicate of alumina, viz. silica, 40 '40; 
alumina, 39'70; water, 13-90, as already given. Ordinary 
china clay nailer the microscope, if }iot without, is seen to be 
largely made up of minute six-sfded scales or plates of, pearly 
lustre, transluqpt, flexible, inelastic, usually uuc^uou*and plastic. 
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China clays possess very characteristic ^properties. They arc 
of a loose earthy texture, and light, friable in the hand, meagre 
to the touch, anil do not readily form a plastic paste with 
water. ‘Their com]x)silion is different from, different localities, 
the limits being-very wide. Professor Ansted gives 1 the follow¬ 
ing analysis as that of their average composition, viz.;— 


feiliea . . . . ,.41*80 

Alumina. 1 4 PK0 

Oxide of iron. '20 

Lime and magnesia . . ... ... . 1 ’CO 

Water.8'74 

Loss. "SO 


100-00 

t rjiut samples sometimes, be. says, contain as much as 10 or 12 
per cent, of freo silica, either as fine or coarse sand, mixed with 
the clay. 

In the above analysis he overstates, however, the percentage 
of alumina, which rarely reaches or exceeds 40 per cent.; and 
the undernoted ones wWch ho gives as that of the finest china 
clay, is much nearer the mark, viz.:— 


Silica. . . *.4$32 

Alumina.30'74 

Oxide of iron. * '27 

Limo. -30 

Mngnraia . . . . *. -44 

Water.. . 12-07 

Loss.«'20 


100-no 

The Cornish and Devon porcelain clays generally chntain 
some spangles of white mica and finely comminuted quarts, 
which indicate their origiii^froin granites. They are nearly all 

1 Affliaitimt of Geology to the. Arts dud Manufactures, by Professor 
I), T! Austerf, 11*4., F.R.S., p. 11^* 
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artificially derived from the decomposftion (as it is generally 
believed) of the felspat in the sehoflaeeous and other granites, 
which are so abundant in the St. ^Austell anfl other ifistricts of 
Cornwall, uml of Dartmoor in Devonshire. Of these, pegmatite, 
a binary granite, is composed of quartz or f<j|spar, but often 
containing small fiake| of silvery white mica; and protogene, 
a taleose granite (like that of the Alps, which however h|s ig 
some pluce^a dull mica, or ohldVitie mineral instead of»talc) is 
composed of quartz, felspar, and tale. The latter derives its 
name from an erroneous idea that it is the first, formed, or 
oldest of the granites; whereas Dr la lleche has shown that 
the»Corgish granites belong, like those of the Alps, to the 
Secondary formations, and arc indeed newer than the car¬ 
boniferous. 

The Cornish china clay is chiefly derived from tln?decdh>r 
position of protogene—a granite which contains tale as an 
ingredient, and is peculiarly liable to undergo extensive dis¬ 
integration. When schorl is present, as it often is in veins 
and cavities of these £tanites, it has, o? course, to be carefully 
separated, along with the other irapAities, in preparing the 
clay. 

Dr.Jloase stales 1 that “ protogene graflite is, of all others, 
the most extensively disintegrated, in which state it is pro- 
vincially called china clay. It abounds in St. Stephen’s and 
the adjoining parishes, and in J'regonning Hi)), near Ilrcage, 
and affords an interesting subject for geological inquiry. Tho 
formation of this substance (china clay) is generally attributed 
to decomposition. It must, however, be acknowledged that, 
if shell be its origin, the elements have; in this instance, 
greafly transcended their usual operations.” 

The proportions of the constituents of granite vary in¬ 
definitely—with this limitation, that the felspar is always, 

1 “On the Geology of Cornwall," by Henry S. Jioasc. M.Da Trans. 
Royal Ota. Socisty of Cornwall, vol^iv. p. 379. 
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with quartz, an essential _ ingredient, {arming a large pro¬ 
portion of the whole, as noticed in Chapter VIII,, the ijiicn, 
however, sometimes being barely perceptible—and owing both 
to that;- and also to the varying state of deeonijjosition in 
which it occurs,!:! the various localities where it is worked for 
the clay, the latter also varies much in composition, as will be 
Apparent from the various analyses which will be given 
hereafter. 

In a communication, with which the writer was lately 
favoured, from Ilobt. W. Armstrong, Esq,, of Eellcek, 
Fermanagh, he gives ilie following as examples of the varying 
composition of the Cornish granites, from which the porcelain 
clays are derived, viz.:— 


Silica 

.70-0 

to 71 -0 

Aluthina . 

.16-0 

„ 18-0 

Potash 

.8-0 

„ 5-0 

Soda 

.00 

„ 3-0 

Lime 

.1 -o 

„ l'O 

Magnesia . 

.o-o 

„ 0-5 

Water 

.4*0 

( 

„ o-o 


, 99’ 

101-5 


Mr, Collins states, 1 that “ in each of the granite masses:;which 
rise like islands in the sea of clay slate forming the western 
extremity of England, some portions have their felspar so 
decomposed a:\lo be converted into china day. Other portions 
are less decomposed, and are of somewhat different composition, 
and these supplJL the china stone. These decomposed portions 
. are%lways associated with veins of black tourmaline (schorl) 
and other mineral containing fluorine ” “-and he states ’that, 
in his opinion, the decomposition of the felspar “has certainly 
oeeu effected by fluorine and other substances coming up from 
below, and not by carbonic (acid and water acting from above.” 

1 “Sntlie China Clay and China Stone of Devon and Cornwall,” hy 
J, H.’Cullimn E.C>$., Journal of Society of^Arts, vol. xxiv. p. 568. 
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He states also that “^lie natural jhinj-day rock, lxuug a de¬ 
composed granite, consists of kaolin, irregular crystals of quartz, 
and flakes of mica, with sometimes a littfii schorl* and un¬ 
decomposed felspar.* In the dKeussiou which followed the 
reading of his paper, he fuflher stated that*the “hulk of 
china clay came from granite which had been decomposed in 
situ, in his opinion, because they could often see its gradual* 
passage from cjiina-clay rock (elurclazito), and large porfhyritic 
crystals of felspar could often he seen changed into kaolin 
without losing their’form.” * 

In opposition, however, to the theory of decomposition of 
theTclsj*r, whether from above or below, Mr. John Hawkins, 
F.K.S., maintained the opinion that tin; soft growan, from 
which the. china clay is obtained, is in its original condition; 
the lapidifying power having been arrested, or not as yef 
having extended so far upwards; and in corroboration of this 
opinion he states 1 that at the Ream mine, in the parish of 
Roche, Cornwall, the works are “ actually sunk alternately 
through hard and soft growan,” which fact will scarcely 
sustain the inference ho draws from it, as it may equally well 
he adduced as proof of incomplete decomposition; but bo 
further refers to various sections of that mine, and slides 
that.“fr«m these it appears that the hard growan occurs 
nowhere in the upper levels of the mine, and that it occupies 
a small portion only of the lowerg that it altcrrifites with the 
soft growan; that it is not always found a f corresponding 
levels,mind that it terminates abruptly in a Jio which corre¬ 
sponds with the underlie of those veins.” 

Hawkins, in - support of his Iheo^ refers to several 
clay pits on Hensbarrow, and on the /nils of St. Mewan, 

1 “Some Account of thoSoft (il'owau affile Beam Mine, in the Parish 
of Itoche, and at Cavolaze Miijp in tlfc farish of St. Austell,” by John 
Hawkins, Esq., F.E.S., Trans, limj. Oeo. Sue. oj Cornwall, %ol. iv. 
p. 475. 
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but states that “ the mpst striking evidence of the aboriginal 
existence^ the soft growan is jwrhaps that which is displayed 
at the celebrated excavation at Carelazc, in the parish of St. 
Austell, where its removal is 'effected by ; stream of water— 
the growan being in such a condition there, that it may be 
called a clay-pit. The growan exhibits no marks of sedi¬ 
mentary or of stratified divisions," and in the “arrangement 
or distribution of its constituent parts, it differs in no respect 
from the hard grmvan. In short, there arc no traces of any 
change or disturbance, and every part of the mass seems to be 
in the same state of induration ; the lodes, too, which traverse 
it bear, like the same lodes in the fleam mine, no mark's of 
cither dislocation or displacement, and, moreover, so compact 
is the mass of this soft rock, that I conceive it hardly possible 
lor any rain to penetrate through it, without which it is 
difficult to support the hypothesis of decomposition.” lie 
further quotes from Captain Samuel ltobins, who states: 
“There is no reason whatever to believe that any water 
whatever can filter through the soft growan. We have sunk 
from 10 to 15 fathoms through it without meeting with any 
water, which only occurs when we meet with a lode or a eross 
course, and were it not for theso we should find none. The 
mass of soft growan cannot be culled dry, neither is it moist; 
but it is everywhere much in the same state as it is near the 
surface—a liters damp.” However these facts may appear to 
bear against thfo general opinion of sub-aerial decomposition, 
they do not afletff Mr. Collins’ theory of decomposition,"by the 
’ agency of fluorinLand other sulistances coming from below. 

Dr. Boase (in llfu same paper as that above quoted, g,_380) 
’ays: “That the gradual diminution in the cohesion of the 
particles from the solid 1 * .kadi upwards will, of cauree, support 
the opinion of either party; Jmt thnt the solid state of the 
one, a»l the disintegrated state of the other, is not tire only 
difference; *therti is a chemical, us well at a meclfkjueal, distinc- 
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tion; for the solid fel^ar contains ajknli which analysis has 
not detected in porcelain clay, and it therefore follows, since an 
alkali is not present in the, perfeat china day as a constituent 
part chemically combined, that tiffs substance, on account of its 
great solubility in water, eaflnot exist in a face state in the 
mass of china clay (suft growan), which, in its native bed, is 
always wet, for by the constant percolation of water it wjulik 
he as elloclilally removed (naturally) as in the process itself, by 
which the porcelain clay is prepared. It may also he observed, 
that the stained parts, which the workmen reject under the 
name of ‘weed,’ are. of a yellowish or red colour, indicating that 
lhelfon*ontained in the schorl has passed into a higher state 
of oxidation^; and as those beds of soft growan are generally 
bounded by solid granite, and are often traversed liy large 
masses and veins of quartz containing schorl, T)r. Jioasc quotes 
these circumstances as another argument against Mr. llawkiiib’ 
opinion, for he says; “It is difficult to conceive why the power 
(lapidifying), whatever it might have ^>een, should have acted 
so partially in its operations, as to have consolidated emo part 
of the mass, and to have, left the other in a loose, friable state. 
Again, the partially changed granite, called%hina stone, will in 
time entirely lose its cohesion” — an evidence of sub-aerial 
decegn portion in the writer’s opinion—“as may he seen in the 
numerous masses around the quarries, which, although retain¬ 
ing their form, immediately crumble into [pieces 1m attempting 
to ribovc them. And, lastly, the analogy /f other rocks 
affords? [Perhaps, the best [proof that china clay/is a decomposed 
granite.” 

It'will be notice# from the alxpve, Uiat^Ir. Hawkins and 
Dr. lion so—both of whom are in timnlel acquainted with, and 
have written, ujpon, the geology ofGSrnwall— are at direct 
issue, not merely on a theoretical question, hut on a matter of 
fact. Mr. Hawkins, backed by the experience of fjaptain 
Robins, stating that tyo soft growan is only in aadainp%lato 
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normally, and that wither cannot percojiite through it. Dr. 
Jloase, on the other hand, stating tlnit in its native hod it is 
always wet, and that the alwwice of the alkali of the felspar in 
the china clay is due to its great solubility, and to its being 
effectually removed by the constant percolation of water 
through the growan. 

* 'there are not a few, as yet, unsolved problems connected 
with this subject, and one object the wr iter lias ih view is to 
direct further attention to it, with tho view of stimulating 
inquiry and discussion. Mr. Caine states’ that “the china- 
stone of St. Stephen’s might perhaps he mentioned as another 
variety of granite; hut,” in his opinion, “it owes mot of its 
difference from ordinary granite, to decomposjt ( ion.” The. 
opinion of Mr. Came, whieli prevails very generally, is, Dr. 
•3’ijaso remarks (p. 381), “very surprising, for this property 
of undergoing such extensive decay is alone sufficient to 
indicate that it (the St. Stephen’s granite) is a rock mi generit ; 
besides, it is peculiar iq composition, containing talc instead of 
mica; which circumstance,” he says, “may afford a clue to the 
explanation. A’ol that the talc itself can he supposed to exert 
any direct action On the felspar; hut, in consequence of its 
having boen formed,' instead of mica, in the original crystallisa¬ 
tion of this rock, the felspar may have experienced jjioinc 
modification in the proportion of its constituent parts, whereby 
it acquired thy, property now wider consideration.” 

This presenty of talc — which is a mineral, containing as 
much as 32‘92\of magnesia — in numerous greenish J yellow 
glossy scales in tyc St. Stephen’s granite, however it may have 
affected the coiistiution of the felspar, But seldom occurs in 
the china clay, for inWarly all the analyses of it there are but 
traces, or very smullXijjipitities of it, to he t f<nujd'. Tbs 
magnesia, like lime, beingyan alkaline earth, is carried off ii 

0 i 

1 "On the Granite of the Western Part of Cornwall,” Traneactm 
o/Mjd (kofeaploM Society of Cornwall, vol. jii. p. 21t. 
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solution like the alkalies. It wufil^ be jn advantage for the 
refractory quality of »the Cornish f.lay did it contain more, as is 
generally the case with the Chinese kaolin^* 

The essential and striking difference in composition between 
china clay and the’felspatUic growan (Mr. Collins’ clurelazite) 
from which it is induced, and which was shown in the 
last, chapter, has led to the opinion being held by ^ome. 
mineralogists and chemists, and specially by Profess*: Fuchs, 
of Landslnitf that ordinary felspar is not the source of china 
clay. Professor Fuchs, in,a memoir on the origin of the 
porcelain earth of Passim, printed in the, Transaction a of the 
Hoi/al Academy of Munich, and quoted by Mr. John Hawkins, 1 
states that he visited the pits where the, liest earth was dug, 
and directed his attention particularly to the felspar, said by 
Gelden to form by ils decomposition the porcelain earth, and 
found that the mineral so named was essentially different in 
its form of crystallisation and characters from ordinary felspar. 
He described the rock in which the crystals of this mineral 
substance lie, as “a line-grained or aggregated felspar, of a 
greyish colour. Few of the crystals wane entire, but nearly all 
of them, more or less decomposed, and the friable mineral had 
all the properties of porcelain earth.” His analysis of them 
gave, 

• > 

Silica . 

Almuii.a 
Lime 
8q|la 
Water . 

97-98 

1 “Some Account of the Porcelain Karp? found in the Kingdom of 
Saxony and the Principality or Passae, ^Alerted from German publica¬ 
tions, and sent to the lloyal fteograpTiioat Society of Cornwall, ” % Trff?w- 
ttetimt, vol. vi. p,32. 

5 


27-90 

14-42 

5-48 

0 - 
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Professor Fuchs, from tlfis result, and the form ol its'crystal¬ 
lisation, as well as its other Lharacters, considered this mineral 
as a new, species, distinct from any known species of felspar, 
and named it porcelain-spar, ljis analysis of the earth formed, 
as he believed, from the decompovition of this mineral, in its 
pure and natural state, he gives as :— 


inlica.4(1-70 

Alumina . , , . , , . , , ;si-go 

Lime.0-40 

Oxide ul' iron . . , . . . , (|’82 

Felspar 1 .3 00 

Water. 17-14 

01 

99-92 


and lie seemed to regard the porcelain earth of Aue, in Saxony 
(which, hy the bye, appears now to bo exhausted), as having 
been precisely similar. 

Mr. Hawkins says, that the, principal arguments upon which 
Professor Fuchs vests Ins opposition to the opinion, held hy 
most mineralogists, of porcelain clay being produced hy the 
decomposition of felspar, arc—“The total absence of all traces 
of potash in the miters which flow from the decomposed 
masses of granite, ami the occurrence of the purest porcelain 
earth enclosed in felspar, and, vice versa, of felspar in'jrorcdiain 
earth." Professor Fuchs was by no means disposed to adopt 
the opinion, he\l and advocated hy Mr. Hawkins, of this earth 
(china clay) befog an original product of Nature, hut, on the 
contrary, held it Vr originate in the decomposition of porcelain- 
spar, the mincralVhe claims to have disgpvcred. As to" the 
process of decomjiositin, he thought it might bo satisfaubyily 
explained, “ for in surVa complicated mixture as this i|, the 
presence of soda and tne^ calcareous earth (lime) must have 
disposed the porcelain-spar to yield to the active agency of 
Undecomposed and aumdentallv mivci 
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water «nd the earftbnic aekl, by \\jiiich < all the soda and the 
lime have been carr : *'d off in a state of solution, together with 
a’portion of the silica.” 

Mr. Hawkins naturally points out that Professor* Fuchs, by 
this statement, plains himself in a dilemma, there living no truces 
to be found of the soda and lime in the water Mowing from the 
decomposed [mreelain-spar any more than of the potash,froni 
decomposed felspar, ami Mr.* Hawkins proceeds to sontrovert 
Professor Fuchs’ conclusions. Sufficient space, however, is not 
available in these pages lo^do more than indicate the various 
theories or opinions Held on the subject, and the writer must 
refer those interested in it to Mr. Hawkins' paper itself. 

In “that, paper he proceeds to refer to a repirt drawn up by 
Mr. Gehlenf first published in the Transactions of the Royal 
Academy of hltmie.li, and afterwards reprinted in the second 
volume of Yon Moll’s Annals of Minimi ami Metallurgy, 
upon the porcelain earth found in the principality of Passau, 
which supplies the royal manufactories of Vienna and Munich. 
In that report Mr. Gciilcii says: “ft remains for me to speak 
of the natural history of this porcelain earth. 1 have already 
quoted the opinion, wliitji is universally adopted, of its 
originating in the decomjiosition of the felspar, and noticed its 
occurrence in a country of primitive formation, as well as the 
cirSumsfenee of its being found in its original position. This 
opinion of the origin of the, earth is corroborated, in fact, by 
all the circumstances under which it occurs, noth at Passau, 
and nf Aue, in Saxony, where the beds of pop elain earth lie in 
a rock of granite, which, by the decomposition of the fekpar, , 
is in a state of petfect disintegration. The various degrees, 
to^of decomposition through which jhc felspar passes, in 
which, with the loss of all its other ch .meters, it retains those 
of its original structure, seem to esygirm this hypothesis. On 
the other hand, if we cantempfnte the very great difference 
which is fonni^ between the chemical composition qf the felspar 
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and that of tho earth /jelling clay), we must! feel inclined to the 
belief that they can have no common origin, and that each is 
aboriginal,, According to the, recent analyses of the best 
chemists, the felspar contains juvery great proportion of silica, 
as well as u considerable, quantity of potash, while the 
porcelain earth is found to contain not a tmee of |K>tash, and a 
much smaller proportion of silica.” He might have added, 
“and a much larger proportion of alumina.” “How then,” he 
proceeds to ask, “can so considerable a difference as this is in 
the composition of these two snbstances have, arisen from a 
process of decomposition 1 If we suppose this process to have 
set free the potash, which was afterwards carried off by water, 
yet it is hut reasonable to suppose that the proportions of the 
other constituent ]iarts would have remained unaltered. This 
difficulty cannot lie removed by the supposition that the potash 
may have carried off a portion of the silica in a state of solution, 
and thus lmve increased the relative proportion of the alumina; 
for there are many chemical facts which oppose this conjecture, 
and it must be abandoned as untenable.” 

Mr. Golden concluded without advancing any fixed opinion 
upon this very interesting question^ “ nor,” adds Mr. Hawkins, 
“can I find among the voluminous writings of the Cjprman 
geologists any serious attempt made to settle it. The 
hypothesis of the secondary origin of porcelain-earth seems,” 
he says, “to liyve been geneijdly adopted on the Continent.” 
Mr. Hawkins, however, apparently holds to his own opinion of 
the soft growan, from which it is obtained in Cornwall,«being 
not * product of ijecomposition, but an original formation, not 
perfectly lapidified 

The writer cannotVesume to attempt to solve the problem, 
bufAe may remark, contribution towards it, that the 
question of time does not fyom to have been sufficiently taken 
into syeount by those who have Speculated upon it Mr. 
Colllhs, in his monograph previously quoted, s,iys (p. 6) that 



“ Ubiija clay, in iUfcnatural stafe^iu simply a granite composed 
of white or pale smoky quartz, udiile mlba, sometimes a littlo 
greenish-yellow gilbertite, and white felspar, in which the 
latter is partly or completely m?>tamorphosed into kjtolin,” and 
he states that “this modification of granite occurs in areas of 
irregular form, and extending to an unknowf! depth.” It has 
thus been apparently completely decomposed in situ, and to 
some considerable depth, apd thereby reduced tu such It 
condition thJlt—if Mr. Hawkins’ statements quoted above can 
be relied on—it has become, like the ordinary and more, plastic 
clays, impervious to <thc percolation of water, and in conse¬ 
quence the process of decomposition being so far completed, at 
alfiJTfnts so far as surface deposits arc concerned, little or no 
evidence effti be found of potash being now carried off in 
solution, as in ages past when the process of decomposition tvjs 
in active operation. When it was so, the action would be. 
continuous, and the alkalies and alkaline earths, and portions 
of the silica being continuously carried oil' in solution, would 
leave an ever-increasing percentage, of'alumina to combine with 
the remaining silica —these two substances possessing great 
affinity for each other—to form with water the hydrous silicate 
of alumina or china day, Siat being a p'ery different process, 
howcJbr, from that of converting a single piece, or any given 
po»tion qf felspar, into china clay—bulk for bulk. 



CHAPTER X 


ANALYSES OF CHINA CLAY -METHODS OF OBTAINING AND 
PREPARING CORNISII CHINA CLAY 

I N the preceding remarks on Cornish china, or porcelain, 
clay; its origin, nature, characteristics, and composition 
have been noticed, and various opinions and theories referred 
to, and more or less hrieily discussed, as to the speths of 
granite 1 from the disintegration of which it is derived, and 
as to the felspathic ingredient thereof—whether orthoclasc 

1 The writer regrets having inadvertently overlooked a footnote in Mr. 
Collins’ monograph of the Hcvsbamm dranitc District, in which, 
referring to the statements by many writers of protogene granite being 
abundant in the decowposcfhgranite districts of Cornwall, he states that, 
whatever may he, the case elsewhere, “there is certainly nothing of the 
kiud at present known in Cornwall.” This is certainty remarkable after 
the positive statements of Dr. Boase,, quoted in the last chapter (p. 
59), viz., that ‘protogeiw granite is, of all others, the most extensively 
disintegrated, in which state it is provineially called china day, uhd that 
it abounds in St. Stephen’s and the adjoining parishes, and in Tregonring 
Hill, near Breage ”—another striking instance of disagreement as to 
observable facts fty two competent-observers, both intimately acquainted 
with the geology of Cornwall, and both of whom have written upon it. 
Cookworthy called the “eaulin” a white talnj earth, found in Cornwall. 
Professor Sedgwick called the granite of Tregonning Hill chiefly a talcose 
granite (protogene), the talc sometimes white, hut often of a pale yellow 
passing into light greet, Mr. ITemvood, too, says that in the north, 
central, and east parts of Cornwall the granite is sometimes very taffitJSe, 
an i that at Bedlam Green there is a formation of protogene. Dr. Pago 
also says, in his Handbook of Qv'jtoyy, that protogene abbunds in Corn¬ 
wall, and that the china clay of^CurnwiiU is chiefly derived from its 
decoiqpC&ition. 
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(potiisjy) o t fftbite^(soda) felsfiaj, or an altogether distinct 
species, named by Professor i'liclri “ parcelain-spitr ”—which, 
bpth from its composition, already given, tyul an analysis of it 
from Obernzell, in Bavaria, given in Bristow’s Minemhgy, viz., 
silica 49-20, alumijia 27'30, lilne 15-40, soda 6-50,’chloride of 
potassium 1-20, water 1-20*= 100'80, appears«t<> be a soda-lime 
felspar—by the decomposition of which, and a new combina¬ 
tion of its constituent ingredients, generally exclusive ftf th» 
alkaline, this hydrated silicate of alumina has been’produced. 
Differing statements as to the condition of the soft growan of 
Cornwall and Devon,.and Various opinions or theories as to the 
agencies by which that has been produced, and unsolved 
piwWems in connection therewith, have been mentioned, with 
the view ofcinviting further investigation on the part of readers 
who may have opportunities for observing the piienonjena 
presented by the varying stages of, the disintegration add 
decomposition of granite and the formation of growan. 

Before proceeding to describe the processes by which the 
soft growan is worked, and the clay.washcd and prepared for 
market., it may be (Si some practical service to quote some 
analyses of porcelain clays from various localities, both English 
and foreign—reserving Untie of China and Japan till the next 
chapter, as these vary considerably in composition, and may be 
interesting to any who have not hitherto studied the variable 
composition of these clays. 

In a former chapter the composition of fine Cornish china 
clay was given as silica 40-40, alumina 39-70, water 13-90; 
and* an analysis of the finest quality, by Professor Ansted, 
was quoted, giving the proportions of siiica and altuuina* 
respectively as 46*32 and 39-74 ; and also another given by 
mm, with these ingredients, in the proportion of silica 44-60, 
and alumina 44-30; but with the remark, that the proportion 
of the latter in porcelain clayj iflrely reaches or exceeds 40 
per cent. In an excellent treatise, however, by a writer whose 
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name is not given, 1 bnt who appears to be well acquainted 
with the subjects on which ne writes, it is stated (p. 321 
that Wedgcwood found by analysis that tine Cornish clay, m 
the state of an extiemely white and fine jiowder, contained 
20 parts n) silica and GO of alumina. It is very questionable 
if this could havi.bcen a correct analysis of any of the ordinary 
Cornish jiorcelain clays. It was more probably an analysis of 
r. felspar, as Golden gives one of felspar from Kcllberg, near 
l’assau, showing its composition to he silica G3 0, alumina 20-0, 
besides potash, lime, and some iron, hut the differences in the 
composition of tin' clays are certainly worthy of notice, by 
potters especially. 

Tn the Oalahujiic of Kjwimmie in III/' Mnmim of I‘r~..'i.al 
Geology, London (p. 17), the following analyses if clay from 
liluehaiTi'iv and St. Stephen’s, Cornwall, made by Dr. Lyon 
Playfair, in 1852, are given, viz.:— 


UliH'ljftnw. 

St. Stephen's 

Silica. 

■15-52 

•16-38 

Alumina, with peroxide of iron 

40*70 

38-60 

Lime. 

2*17 

3-47 

Potash, with trace of mm 1 i 

I’M) 

1-77 

Magnesia, phosphoric and sulphuric acids. 
Water, with small quantity of organic 

traces 

traces 

matter. 

9*61 

99*96 

SK8 

80-30 


l)r. Thos. Thomson, late Professor of Chemistry in the 
University of Glasgow, gives an analysis, made by himself, of 


china clay from St. Austell, as follows:— 

Silica.37-10 

'.lamina.■ . 21 ’48 

’ Cnriy fotward . . . 61'58 


1 Treatise on Hie Origin, Pra/mssirc Imjim-emrnl, caul-Present Slide 
of the Mamifadm of Porcelain awi Glass." Longman 4 Co., London, 
1832. 
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Brought foryvard . . .til '58 

Lime. 1 J, •» , . 1)28 

Feme ojtitlo . ... 1 ... , ti'98 

' Water.. lil-22 

Sp. gr. 2*484. i)7'06 


From the small percentage of alumina and tiro largo amount of 
lime, and oxide of iron, this must have been a very inferior 
specimen of St. Austell clay. ’ 

Rose (Karslen’s Tablcllen, p. 37) gives the following analysis, 
without mentioning the locajily, in which the alumina is cer¬ 
tainly much in excess of the general run of Cornish clay, viz. 
— silica, hzl'OO; alumina, 47'00; oxide of iron, 0 33 = 99'33. 

In Green's (lenloi/ij for Student*, the, following analysis is 
given as that of the best china day, viz. 


Silica .... 

. 1(5*32 

Alumina. 

. :5<t*74 

Magnesia. 

. 0*4-1 

Lime. 

. 0*3(5 

Fenic oxide. 

.* . . . 0*27 

"Water. 

. . . . 12*67 


00*80 


This is one of a pure and very infusible clay, but unfortunately, 
its locality is not given. 

In Bristow’s Mineraloijii , the following analysis of the clay 
from Plympton, Devonshire, by Jirogniart and’ Malaguti, is 
given, viz.:— 


Silica.U 2Cj 

Alumina.Bti’Sl 

Lime, magnesia, ami punish.1*SS 

"Tron and manganese . traces 

Non-argillaceoua residue.4 '80 

Water . *.. . . . 12-74 
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Mn Collins, in ),i s mopoj-raph (p. 28), qfmfcs tym the 
11 " Mag '' v " 1, X -S the' fiyfowing analyses of clays, by I)r. 
Boase, from the fit. Stephen's anil P,reage’ mines, viz. 


Silica ..... 
Alumina . * . 

Magnesia. 

f Alkalies, insoluble ami soluble . 
Watbr. 

St. Stephen's, 
t • . 39*55 

. «8*0. r » 

. \ 1*45 

. 8*70 

. 12-f.ft 

< 

iircagr. 

4015 

30-20 

3 "75 
9-00 
11-65 


100-25 

99*25 


And he gives the following analyses, made hy himself, of clays 
prepaid! for the market, to show the variation whiclT'txists 
U "‘ cI, ‘- vs from 'Hffwut parts of the 1 lenshTrrmv district, 


VMS.:—» 


From St. Steplioii's 


Silica. 

A 

lf> *00 

l; 

45*10 

40*86 

1) 

46*11 

Alumina , « 

Lime. 

10-15 

t ,40*n 

39*50 

40*22 

I’ero.xide of iron . * 

0*35 

0 00 

0*27 

0*22 

0*25 

Alkalies, insoluble ami soluble 
Water . . * . 

Q-H0 

13*70 

0*20 

13*00 

0*41 

1*2*87 

0 *53 

12*31 

it 


100-00 

100-00 

100-00 , 

.100-00 


Ami from St. Austell, *. 

Silica ... 

^Alumina. 

Lime and Magnesia. 

Peroxide of iron 

Alkalies, insoluble and soluble 

Water . 


F, and from 

Koclie, ii. 


K 

V 

IS 

. 4G-20 

WOO 

45*40 

. 4M0 

40-10 

40-30 

. —%. 

traces 

traces 

. 0-20 

0-40 

0-20 

. trace 

0-40 

0-60 

. 12*50 

13-10 

13-50 
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An<l for compariscp he gives'the following analyses from 
various localities elsewhere, chiefl/$n Devdf,shire 



a ^ 

O m 

q t: 

- ° 
Sffl 

Ik 

£ > 
t- O 

5 '*■* 

^53 

1,1 

-D U) 

. a 

5 ° 

f 

50-51 

4 "“20 

10-00 

46-90 

Silica . ; 



free 




» 

31-00 


l 

Alumina , 
ii%acsia . 
Peroxide u£ irun. 
Alkalies, insoluble 

38-18 

38-80 

0-24 

combined 

30-80 

38-35 

traec 

0-07 

and soluble . 
Water 

11-02 

1-70 

12-00 

1-30 

12-70 

1 -50 
12-55 



g* 


49-10 


40-20 

0-10 

t 

Iracc 

10-30 


09-11 mo-00 


97*30 00-13 100-00 


he following analyses from several 
'calities will enable comparison to he 
ornwall and Devon, viz: - * 


tin* best European 
made with those from 


Silica 

Alumina . 

Alkalies . 

Magnesia . 

•St. Yricix. 

. 40-80 
. J17-30 
2-50 

■ . 1 rai-o 

St. Yriei.v. 
18-00 
37-00 J 
2-05 

Seilitz. 

58-60 

34-60 

2-10 

1-80 

Lime • 



Qxidu of iron . 



t 

Water . •>. 

. 13-00 

12-95 

- 


99-60 

100-00 

97-40 
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„ / St. Tropez. 

Mcmlc. 

Nivmimdy. 

Silica ' 

. ‘ ‘ . 55*80 

<53-50 

50-00 

Alumina . 

. r . 20*00 

2ft "00 

25-00 

Alkalies . ! 

. 8*20 

TOO 

2-00' 

Magnesia . 

. 0*50 

8-00 

0-70 

Lime 

. 

O - 

5-60 

Oxide of iron* . 

. 1*80 

— 

8-50 

"Water 

. 7*20 « 

. 

9-50 


09 50 

100*50 

101 -20 


The variation of silica in the above analyses of Cornish and 
Devon clays, ranges from 37'10 to 52’00, and of alumina from 
.‘56 "20 to 47-00, while that of the. foreign clays, as given, ranges 
from 4G’S0 to 63-50 of silica, and from 25'00 to 37-30 (if 
alumina, showing the hitter to have a much higher mean per¬ 
centage of silica, and a considerably less proportion of alumina 
in their comjiosition. There are besides very varying percent¬ 
ages of alkaline, ingredients, and of ferric oxides and other 
impurities, which, in the. event of analyses of their clays not 
being got from and guaranteed by thq clay merchants, shows 
the necessity of their being analysed before lieing used by 
potters wbo aim at certainty and regularity in the composition 
of their “ bodies.” 

As lias already been pointed out, the true porcelain clays 
of Cornwall and Devon differ from the pipe anil potting 
clays of the : Teignmouth and Poole IhhIs- these latter being 
“natural deposits,” only requiring drying to fit them for 
market, and being all inferior in quality, so far at least as 
suitableness for the manufacture of hard porcelain is concerned,- 
to the former. Although the term “deposits” is sometimes 
loosely applied to the. porcelain clays, they are with rare exeep- 
ti/ns 1 not deposits at all in the usual acceptation of that term, 

1 Mr. Collins states that thogj^oeeur only in one or ttfo places in the 
Hensharro* district, such as that^ut Higher Carpella, in St. Stephen’s, 
ami ^Ir rarloggas. near Foxhole Bridge—the former, in his opinion, 
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the soft *growan froinYvhich theylyo obtained by water action 
being almost invariably tbe resuli'Vif decomposition in ttifu of 
sonfe species—whatever that mnj be—of the felspar r>f disin¬ 
tegrated granite, be. that prolngepe, pegmatite, or soma distinct 
species as yet unimifled, hut, whieh cannot correctly oven he 
called “ Cornish granitj,” as there are hard and durable granites, 
in Cornwall as elsewhere, whieh are eertainlv quite distinct 
from that which furnishes the Wgrowan.” 

The. disi»t<**rated granite from whieh, by the decomposition 
of its felspar, china clay is obtained, is found in many localities 
in Cornwall, and also in Devon. It. occurs, according to Mr. 
Collins, in areas of irregular form, generally much elongated 
and extending to an unknown depth, and is found in immense, 
quantities in the western portion of the Hcnsbarrow range. It 
is universally associated with quartz, ore, and sehorlaceous • 
veins, which sometimes also contain oxide of tin. Many beds 
of it extend for a distance of a quarter of a mile, half a mile, 
or even more, in the direction of the veins, while their breadth 
may be only a few iniiies, and seldom exceeds one or two 
fathoms; very wide masses of it are wrought in many places, 
but these are invariably associated with groups of many parallel 
veins. Many of the clay mines, or opei* workings, such as 
that of the extensive quarry at Carelaze, were originally com¬ 
mended for tbe sake of the tin in their numerous sehorlaceous 
veins. The china-clay rock, “carelazite,” occurs* mosfalmn- 
dantly in that immense open working, and in the neighlxmrhood 
of St. •Austell, and is most largely worked, as stated in Mr. 
(JuiclTs paper, previously referred to, in the parishes of <6t.. 
.Austdl, St. Mcwun,JSt. Stephen’s, St. Deunis, St. Enoder, 
Beebe, and St. Blaze,y; and on a smaller scale in the eastern 

“resulting fron^tho degradation and re-deposition of the natural clay 
rook of the higher grounds, and bciiig4uly one or two fathoms in 
depth ”; and the latter, “ simpfy the mass of decomposed granite,^rhich 
has bent over by i^i own weight, so ajto occupy a pre-existing valley.” 
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part of the county at Jilislaf 1 and St. B‘e-ward, near Bodmin; 
and in the western part, f ear Helslon: and in Devonshire, 
chiefly at Lee Moor, a j*art of Dartmoor, near I’lymouth. Mr. 
Collins states that its occurrence is usually indicated to the 
practised eye by a peculiar depression of the surface, which is 
not observable, where, the china-stone, rock alone occurs. It is 
found at all elevations, except the very highest, which, he 
states, are always composed of hard rock; its hardness being 
doubtless the cause to which the escape of these towering 
points from degradation is due. The carclazite resulting from 
the disintegration of the granite, contains, of course, more or 
less of its constituent ingredients, except those soluble ones 
(alkalies, silicates, etc.) which have been carried off by water 
action during the decomposition of its felspar, dial consists of 
varying proportions of that mineral undecomposed, grains or 
irregular crystals of quartz, flakes of mica, sometimes a little 
schorl, and, finally, the completely decomposed felspar, which 
is ultimately more or less perfectly freed from all the other 
ingredients by the processes which will now, as briefly as 
possible, be described from the accounts given by Dr. Bnase, 
Mr. Collins, and others, but which are more descriptive of the 
operations carried on prior to the, great extension of the trade 
in recent times, and arc now confined to the smaller day works. 
Dr. Fitton described them (Annals of J'hil, vol. ; i. p. J 348) 
"alter'U -isit to Cornwall in 1807; and Mr. James Quick states, 
that with the exception of a few modern improvements, they 
are very similar to the methods pursued for many hundreds of 
yc?rs past in China. Hut as the principle is the Hulhe-'-how- 
ever much the modus operamli now differs in large works— 
and sufficiently explains how the clay is separated from, the 
otl er ingredients associated with it in the carclazite, it is given 
in preference to a detailed,,account of the much enlarged and 
more complex arrangement# and Apparatus employed in the 
large' works, now so numerous in the clay districts, in which 
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tbo production of clay js carried o'" ’on a vastly larger scale and 
by quicker and more efficient prd scsscs than those described 
underneath; for any adequate description of tliese space cannot 
be afforded here, but any of the readeis interested in the 
subject will find fuM details of the whole in dir. Collins’ 
Monograph. 

Thu first operation is that of removing the vegetable soil gnd 
substratum, called by the workmen the overburden, whiph con¬ 
sists of rock datais, sand, and impure discoloured clay. This, 
according to I>r. House, varies in depth from 3 to 5 feet, 
but, according to Mr. Collins, from 3 to 40 feet. The over¬ 
burden removed, the clay 1 is worked in “ stopes,” being dug 
out progressively, by the aid of jacks, in steps, resembling 
a flight of irifgular stairs. The depth of the china-clay pits, 
as they are called, is various; but while fifty years *ago it ■ 
seldom exceeded twenty feet, shafts are now sunk to raise the 
clay from depths of 70 feet or more. The clay, when first 
raised, has the appearance and consistence of mortar, containing 
numerous grains of quart#, disseminated fliroughout in the same 
manner as in granite. In some parts it# is stained of a rusty 
colour, from tho presence of ferruginous veins and embedded 
portions of schorl and quartz. These are galled by the work¬ 
men, weed, raple, and rhell. These discoloured jxirtions are 
earcfttlly separated and thrown away, while the rest is conveyed 
to the floor of the washing-place or “stroke,” whereat WlSrown - 
down on an inclined platform. <fn this a stream of v\’ater is 
made W fall from a height of about G feet or more, wliile tho 
• flflfflIBRWBnstantly turn over the material with piggies apd 
shovels. By this prices a largo quantity of “sand” is at 
ong^ separated and deposited in an oblong trench beneath, 
from which it is shovelled away continually. As from three 
to eight tons of sand are produced ^getting each ton of clay, 

1 The term “clay" is applied in tffe day districts indiscriminately 
alike to the carriage and to the clay jrashed out of it, 
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its removal in the cheapest.': issihle mam or is a matte* of groat 
importance. The trench is giso inclined and ends in a coverod 
channel that leads to a series of catch-pits and ponds into 
which the, rest of the clayey material is carried by the running 
stream. The pits arc 5 or (i feet .sjnare, or 8 feet by 
4 feet, and 4 feet dee]), their sides and bottom (as are 
thpso of the ponds also) being lined with cut moorstones, laid 
in waterproof cement. In the first pit the grosser particles of 
mica and other undecomposcd materials, not retained in the 
trench, are deposited, and being of a mixed nature are rejected, 
at the end of each day’s work, by an opening, provided for the 
purpose, at the bottom of the pit. When the water lias filled 
the first pit it overflows into the second, and in like munner 
into the third, and so on. In the second, anti' perhaps the 
third also, the tine mien is deposited, and is often retained anil 
sold at u low price, under the name of mica clay. These pits 
are lienee called the “micas.” The clay held in suspension by 
tire water, overflows from these into the last pit, where it is 
partially deposited ; and thence into the ponds. These are of 
the same depth as the pits, hut about three times as long 
and wide, generally about 20 feet long by 12 feet wide. The 
suspended clay ear he procured of greater or less fineness, 
according to the extent to which it is carried in suspension 
Indore its final deposition in the ponds, and when ;l is filially 
ailoweu lu i attic, the clear supernatant water is rim off by plug 
holes ojfi the side of the pond, the. process being carried on till 
a sufficient deposit of clay is accumulated. 

(Mr. Kenwood, ALE., in a brief memoir, pulil3hci~ J rti'Vi.c •• 
Report of the Royal 1‘nlyt.echnic Institute, Cornwall, in 1840, 
states, that when, either owing to rainy weather or other 
causes, the clay does not settle in the ponds, it is watered with 
a solution of alum, to hasten its deposition, ard Mr. Stocker 
states, in a paper read to (he same Society, that any saline 
sqj,*fion will produce that effect. 
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It may interest ouj readers lotnoto here the composition of 
the carclazito made lrj mechanical analysis two fair samples 
—one, (a) from Great Treviseoe in St. Stephen’s, and the other 
(tt) from Cleytane, in St. Kiibdcr, given by Mj.V Collins 
(Monograph, p. 2S), »iz.:— 



•a 

B 

Water. 

5-0 

tf-s 

Coarse sand and mica (shell) 

. 07-5 

71-5 

Fine sand and mica . . * . 

2-0 

2-5 

Fine mica find some dav 

,V5 

3-0 

Fine day . . . . • . 

. 22-0 

17-5 


100-0 

100-0 


The net mean product of clay from the soft growan being, from 
the above analyses, somewhat less than a fifth, or 20 per cent. 

The fine day, after the water has been as completely n^iossible. 
run off, remains in the ponds in the, state of a fine paste, and is 
then transferred, generally by hand-barrows, into shallow pans 
about 40 feet long by 12 to 15 fect.wide, and from 14 to 18 
inchos deep, lined als<g with cut moorstones. As may be 
inferred from the much more extensive scale on which opera¬ 
tions axe now carried on in large works, all the pits, ponds, 
drying pans, etc., are of much larger measurements than those 
given above. 

* Some works are so laid out that the partially consolidated 
clay has to he pumped into the drying-pans, and 
in reference to this process, savs: “ I noticed, with surprise, that 
clay Sufficiently consistent to stand in a heap, will run through 
VcblKillUil* suction pump worked by hand, though whe| so 
dratfn it requires to raked from the pump-head.” *' ’ 


When the pans arc nearly filled the day is levelled, ahdte 
Tiieu left undisturbed till it is nearly dry. The time require^ 
for this part qf the process depends in a great measure on thh 
state of the weather, and, is a, tell ions process in the da*^ 
climate of the west of England, the pans being exposW. tfi ’the 
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air—during the summer, fouj months or less may suffice, whilst 
at least eight aie> necessary during the winter—often from 
September to the, following May. When sufficiently dry-the 
clay is'tut into cubes or 'lumps, 9 to 12 inches on the 
sides, which are then tarried to the drying house, an oblong 
shed, tint sides of which arc open wooden frames so constructed 
as to keep out rain, hut admitting the free passage of air, and 
of exposure to the sun in tine weather. The clay when dried 
is scraped perfectly clean, and is then ready for slicing sent oil 
for shipment in lmlk, or, whim requisite, in casks. The 
scrapings and waste are wheeled hack to the “strako” and 
rc-waslied. 

In 1807, when Dr. Fitton visited Cornwall, he found only 
teven clay works in operation in the parishes of St. 1 tennis and 
■it. Stephen’s ; the largest of which only produced some 300 
Kills per annum. The consumption and demand for china clay 
ms since then so enormously increased, however, that in the 
densbarrow district, alone there arc muv probably about 100 
■vorks, many of the larger ones turning out from 2oOO to 8000 
ir 9000 tons each yearly* Mr. Collins mentions that in 1874 
me of the largest works near St. Austell produced 9000 tons, 
■mploying thirty men, while many others produced 6000 tons 
:ach, employing twenty men. To meet the enormously in¬ 
creased demand—arising not merely from the extension of tlio 
"potteryittShs, but to a large eigtent also from the various uses 
to which china clay is now applied in other trades and for other 
purposes — different methods from those described above 
begun j necessary; the one most generally adopteiFWin^p niui, 
in which the clay is raised from pits hyd.be sinking of a shaft 
the depth often of 10 or 12 fathoms, and the driving of 
a level from its liottom to where a rise is put up through the 
clay to surface, in which a “button-hole ” laundoi is placed, and 
by which the clay, after *lie»ug by an ingenious contrivance 
miy;fl witjf water, is conveyed down to the level and along it 
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to the bottom of the ghaft, from \*'hich it is pumped to surface 
or lifted at once hig]j enough tj allow of ell the subsequent 
operations—similar, hut, on a much larger stale, to those above 
described—being carried out by gravitation. 

The other method M wording is adopted in rases where the 
bed of clay is situate^ on a hillside, with plenty of space below. 
I 11 that ease an adit level is driven into the. hillside, <5r from 
the valley, to the required dejttli, and a rise, pul uf> as before; 
with some meifitieation of the launder arrangements the clay in 
suspension in the water makes its exit in the valley, and is 
there purified, settled, sand dried, as already described—the 
works being laid out on a lower level than the adit. 

I 11 the large works the (day is now finally dried—although 
by 110 mean? to the improvement of its quality—by artificial 
heat, in a large, building called the “dry” (which consists of 
two parts, the “dry” proper and the “linhay”), which Mr. 
Collins describes. As brought into the “dry” the clay usually 
contains about 50 per cent, of water, whirl) is reduced to 
about 12 or 14 per cent, by the time it is thoroughly dried. 
To get it into the “linhay” lead/for market Mr. Collins 
estimates its cost at 8s. 6d. or 9s., which with dues, transit, 
agendas, and sundries, is increased to a total average cost to 
the clay merchant of about 10s. or 17s. 

While most, of the large china clay works are now carried on 
by sinking pits and shafts, open workings are st:ft'cd“l>e met 
with, of which the largest and most interesting is that of 
Carclaze. It has a character of its own, and has been often 
"tlcsoribed; hut as many may not have seen it, or a description 
of it, one by an obsermnt foreigner may interest them. 

This gentleman, Alphonse. Ksquiros, visited it some eighteen 
years ago, and described it in an account of Cornwall, 1 published 
by him. In writing of the clay wo*ks, he says: “ Some of these 

1 Cornwall anil its Coasts, tiy Alphonse Ksquiros, Ksq., aart'"' ot 
English at Home. 4 Chapman ami Hall, London, 1865. 
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works arc very interesting, 'ami employ a large, number o 
persons—men, wo-iien, and children. The women liavo whit 
bonnets, white sleeves, and while aprons, and it is curious t 
see them carrying to the surrounding hills a clay whiter still 
which they artistically expose to the sufi-beams. One of th 
most curious of She, mines is that of Carcbze, two or three mile 
from St. Austell, a small town with a line old church. A roai 
runs to a lifrge common all eovi red with furze and gorse. A 
the hushes were studded with golden flowers, 1 did not complaf 
of the sterility of the soil; and, besides, the sea could he see. 
in all its grandeur at a certain distance. All at once an abyr 
opens in the gloomy common, before which you halt in stnpofai 
tion. The origin of this prodigious excavation, which is at leaf 
a mile in circumference, and more than ISO feel itl - depth ” (an 
is probably much larger and deeper now), “and has been attr 
Imted by the ignorant to the intervention of Satan, by th 
learned to the Romans or the Anglo-Saxons. It is not a min 
properly so called, hut Mn open quarry; the workmen ai 
‘streamers,’ that is to say, men who obtain tin by washing tl) 
deposits from the disintegration of the rocks. The interior ( 
this abyss, whose greyish whiteness contrasts with the colour < 
the common and tin brown surface of the moors that suyoun 
it, displays masses of granite decomposed hv certain influcnci 
which arc not yet thoroughly known.” After a description i 
tiro tuTTfiJikings, he proceeds t “ In the same excavation, hi 
on the other side of the quarry, and facing the tin workings, 
torrent, at first yellow, hut which soon changes it s co lour an 
becomes of a milky white., falls over projecting rocks. Alt 
armed with picks feed this torrent, by casting into it lumps i 
white earth, After running thus to the bottom of the ahys 
which it crosses at one hound, the. stream suddenly disappea 
under on arch. You mighl^siippose it lost, but it nan be casi 
found again; to do so, it irf* only ‘necessary to go five or s 
hupsfied y^rds along the common and find a fresh scene 
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operations. Here the white JtrcAn is received in reservoirs or 
cisterns. The milky fluid, hy regaining atjll, deposits at the 
liottonx of these cisterns a sort of cream, above which the water 
is perfectly limpid and blue. Tfle action of the wind and sun 
is suflieient to evaporate the water in a few months.” (Mr. 
Ksquiros, however, has overlooked the nulling off of the 
supernatant water.) “The while clay is then cut owl with 
spades and is carried to open, sheds to dry; it tl«ei'e hardens * 
and forms th# mutter used in making china.” 

Carclaze mine is now chiefly wrought for china day, hut, Mr. 
Collins says, still yield# notable quantities of tin. It was in 
full work as a tin mine in the reign of Henry vn. Its area 
was computed hy .Mr. lien wood in 1843 at 5 acres. Accord¬ 
ing to Mr. fc. Syiuons, of Truro, who surveyed it live or six 
years ago, it was then 13 acres. There is an irAerestinf^ 
account of this mine in the hitellcrfual Obaenvr, 1 written hy 
Professor Church, who states that it was not till towards the 
close of the last century that, the ej*th, or soft rock, of which 
the whole place seems tjp consist, was recognised as china clay. 
He mentions that the supernatant water in the tanks, after the 
clay has all settled, is of a beautiful greenish - blue colour. 
Referring to the mineral substances in thg native claystonc, he 
also says, that a yellow-green tidcose mineral is the most iiupor- 
£mt of these, lie refers to the complete absence of all the 
usual signs of mining operations as you approach Cvclaze, and 
says that, as you cross the moor, you are, without knowing it, 
close* to the mine, which is unseen till you reach the grassy 

* cage of ttnfgreat pit. It is approached from St. Austell hy a ljilly, 
deep, and winding ktfic, which passes close hy the west end of 

^St. Austell Church, and brings you out upon the moor; bright, 
and usually breezy too, in summer, hut very drear in winter. 
White roads intersect the moor, ajong which Professor Church 
says, pass continually touiurds .the sea, three miles distant, 

* 1 Inltlkelwnl Olgcrnr, vol. ii. ]>. 401. (Iroombridgc, Loudon, Hj£9. 
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waggons and carts laden wit-.i square Docks of a substance of 
dazzling whiteness. His description of Carclaze and what he 
saw tlicre will interest anyone who may refer to it, especially 
as it is accompanied with a coloured view of the moor and the 
mine. 



CHAPTER XI 


CHINESE KAOLIN — U1STOHV AN'Il COMPOSITION 

TX treating»of Chinese kaolin, Hit* writer is sensible of liow 
very imperfect our knowledge still is regarding the materials 
used by the Chinese in the manufacture of their unrivalled 
porcelain. From the written annals of Feouleang, a city 
belonging to the same district of the Empire as King-te-chin— 
the great sefft of the porcelain manufactories- it appears that 
the date of the origin of the art. of making porcelafh is uti! 
known, hnt it is stated therein that from a date answering to 
a. n. 112 , the latter city had enjoyed the honour of supplying 
the imperial city with porcelain, and* the invention of the art 
must have occurred at. i luueh earlier period. Jt is stated by 
dulien , 1 that its manufacture was commenced in China in the 
district of Sin-p’ing (province of llo-nan), under the dynasty of 
Handsome time between n.r. 185 and 411 . 87; and that as 
^arly as A.n. 000, porcelain was in common use throughout the 
country, and consequently the manufacture must, even then, 
have been on an extensive sea^\ j 

I 11 the faee of such facts as these, from which it may lie safely 
assumed that the manufacture of porcelain has been carried on 
in China for somewhere about 2000 years (although jome 
writers question thispand restrict the period of its manufacture 
to 1500 and even to 1000 years), it certainly does seem 
remarkable that we still owe nearly all our knowledge regard- 

1 Ifistoirr rt*Fubnealim dr hi Vhinoise ; Ourmge Tmduit dii 

Chinois, par M. Stanislaus Jfllien. ‘Paris, 1856. Translator's Preface, 
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ing the materials used by the Chinese pollers to very imperfect 
information obtained by one c*f two Europeans, wlio, from want 
of all practical knowledge of the art of pottery, and from their 
ignorance-.,pf its technicalities, were incompetent and unable— 
even had greater facilities been at their command for obtaining 
them—to furnish' such reliable details as might have enabled 
our manufacturers ere this to rival the porcelain of the. Chinese. 
Some scanty information may be found in the account given by 
Marco Polo, 1 the celebrated Venetian traveller, who, in the 
thirteenth century, resided for some time in China, and saw at 
Kin-sai the manufacture of porcelain. Ho states that the 
manufacture was carried on to a vast extent, and adduces as 
proof of its cheapness, even at that early date, that eight 
porcelain cups could he purchased for a Venetian*groat. He 
attentions the fact of the prepared clay—which in China is first 
kneaded in pits by the feet of (lie workmen, and then by band 
in smaller cpiantilies— being left, exposed to atmospheric in¬ 
fluences for many years. This practice is one to which Chinese 
potters evidently attach much importance, the prepared clay being 
frequently kept for fifteen 'or twenty years; Dr. Watson (in his 
Chemical Kxmij* already quoted) says, for “twenty or thirty 
years” before being .used. The longer it is kept the more 
valuable it is considered, and instances are not uncommon of 
provident parents preparing sufficient day to hist 'heir sons 
for their lifetime. In an article jn “China and Earthenware,” 
in The Puttenj (la::etle for May 18811, it is stated that instances 
are not unfrequent of a Chinese potter making his wares of clay 
first prepared by his grandfather. 

This practice of a lengthened mellowing of the slip is one 
which it. would be well if our manufacturers could follow to a 
grater extent than is customary in Europe, as no amount of 
pressing, kneading, and slappjug, or other mechanical processes, 
can possibly solidify it so perfectly »s that of leaving it for a 
1 Uamim’t TransMim. 4th edition. 



Clays 


89 


lengthened period to the solidifying and mellowing effects of 
atmospheric influences, the longcij,exposcd fa which the more free 
ofuiir-bubbles, and the more homogeneous the dried slip, lx;comes 
and the more perfect, of course, the wares made from ; t. 

As mentioned by mother contributor to The. Pottery <tazetle ,' 
the Museum of the lyiyal Society had, previous to Cook worthy’s 
discoveries of Cornish china clay and stone, specimens of the 
Chinese kaolin and petunia*,-, which had been presented to it-, 1 
by Dr. Shemid, a traveller in China, and which, the. above con¬ 
tributor states, had suggesliyl 10 Conk worthy tire examination 
of the granier (or granen) of Cornwall for simiLr materials. 
Hu further slates that, according to Cookworthy, the felspar, 
which in the white granite of Cornwall is combined with 
quartz and mica, supplies the most essential component of 
Oriental china. In the same article, the writer mentions the 
discovery hy .Mr. ltyan, F.N.A., “in a deserted lead mine, of 
felspar in the two states, which the Chinese call kaolin and 
pcluntze, or rock and clay.” When and where (although the 
locality was probably Cornwall) is not stated, hut in an article 
already quoted, the writer of it gives the date of Mr. Ryan’s 
discovery as 1834, and states that the clay possessed all the 
essential qualities of the Japan kaolin. Roth of these materials 
were used by Mr. Josiali Kpxle for many years. 

The writer called lately at the Royal Society's rooms, in the 
hope of seeing the spioimeps above referred tu,, but was in¬ 
formed hy the secretary that the whole contents of the museum 
had, many years ago, been presented to the Rritish Museum. 
Un going there, Mr. Fletcher, the curator of the inincrulogical 
department, informed him that the presentat ion by the Royuf 
Society must have been before his appointment, as he had 
never heard of it; but ho obligingly offered to search the 
private drawers under the cases containing the kaolins and 
other silicates of alumina, nnd«in ’one of them we found a tray 

1 “Progress of Pottery MatrafaiUmrc," No. II. April 1883, w, 347. 
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with a specimen of china chfy, Below which there is 'an old 
faded scrap of paptpv on whic^ is written^ in ink, quite brown 
from age, not “ kaolin," hut “ petuntse ’’—this very probably 
being omv>f the specimens presented to the lviyal Society by I>r. 
Slierard, although, of course, the; label may-.have got misplaced. 

In the ('alahii/v of Specimens iil Hie. Museum of Practical 
(ieologi/t which has been several times already quoted, it is 
‘said (p. 9) that it is probable that the general composition of 
the artificially prepared clays employed by the Chinese for their 
porcelain has long remained the same, so that by an examina¬ 
tion of those now employed we may obtain a fair knowledge of 
those formerly used. This was written nearly twenty years 
ago, but to this day, notwithstanding the Chinese Kinpire 
having heeu since, and during most of that timi accessible 
everywhere to Europeans, who have, penetrated to its most 
remote parts, we have still, so far as the writer can ascertain, 
110 reliable information whatever regarding the ingredients of 
Chinese porcelain and their composition later than the very 
superficial and inqierfeot information ftjniished by the Jesuit* 
father, Francis Xavier 1 t’Eidrecolles, who, early in the eighteenth 
century, was residing as a missionary at l\ing-tc-chin. In the 
treatise referred to in the last chapter, and from which the 
writer quotes some interesting details in this article, the 
author states that I I’Entrecolles contrived to elude thp jealous 
vigilance so generally practised then towards strangers in that 
country, and that he not only obtained specimens of the earths 
used in the composition of their porcelain lwdios, hut also 
acquired some knowledge of the processes employed in its 
haanufacturc at King-te-chin. lie states ejso that a very cir¬ 
cumstantial letter was written by the learned father on the 
subject, which was published by Crosier in Ids general descrip¬ 
tion of the Chinese Empire, hut, owing to the wanteof practical 
knowledge on the part of I >’Kfitr*colle% his descriptions “ proved 
so defective in many particulars as to afford. little or no 
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assistance towards a knowledge of I,lie ingredients used for 
Chinese porcelain and yet, defective as, his descriptions arc, 
lliey have been the only ones available to ]iottors and students 
of the subject during the 170 years or so which have elapsed 
since they were puh’ished —during which time they have been 
repeatedly ipioted by numerous writers as 'f they were full 
accounts and perfectly reliable. In the Catalojue of S/wi- 
mens in the Museum of Practical (leolo/jy (p. ft), it is said f 
that, according to the Pore d’Kutrecolles, the chief ingredients 
of Chinese porcelain arc kaojin and petuntse; and, it is added, 
it is generally believed that the former is decomposed felspar, 
hut the definition of the latter is involved in more difficulty. 
Pe-tun signifies a white paste, and the suffix t::e is merely a 
diminutive “applied in the material when made into the, usual 
form of small cakes or' bricks (those of a yellow earth being 
called hirim-lioi tr.e, and those of a red material twn-tun-tze ); 
and it appears, indeed, that several substances used in the 
manufacture are prepared in the form of white tablets, and piss 
under the common name of petuntse, which term only indicates 
colour and size, and nothing whatever of their composition, 
iiy D’Kntrccolles, however, it was assumed to he restricted to the 
fusible ingredient of the porcelain pastry and therefore it has 
generally been considered to denote a substance resembling our 
Cornish china stone (although 110 analysis of it, with the 
exception of one of a Japancsg porcelain-stone given by Jauviers 
—and which may or may not he identical with petuntse—so 
far as the writer has seen, has ever licen published), which is 
an aggregate of felspar, usually more or less decomposed, and 
quartz, commonly associated with a taleose or alkaline substance* 
—in fact, a disintegrated granitic rock, protogene or pegmatite; 
and in a footnote (p. 9) it is said that “it is probable that 
some confusion has arisen in the application of the terms 
‘kaolin’ and ' petuntse,’ ojnd tb;it flier are not used in the same 

■ sense as that in which they are employed in China.” 

0 
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Other quotations from various" authors could lie given, to 
show, not only that,f»mo uncertainty exists in reference to this 
material, petuntzc, but even that the. opposite of the generally 
received opinion about it is h’ld by some, as for instance in 
Dodd's Dictionary , 1 where it is said that a “ peculiar kind of 
granite called Conish stone was, somewhere about a century 
ago or more, found to he almost identical with the kaolin, or 
porcelain earth employed by the, Chinese. This,” it is added, 
“was a great step towards the naturalisation id' the manufacture 
in this country.” In this passage china stone is identified, not 
with the petuntzc, but with kaolin. 

The communications of lI’EnlrecJles excited much interest 
at the time of their publication, and led to the celebrated 
Reaumur undertaking a series of investigations wit’, the object 
of ascertaining in what the superiority of Chinese porcelain 
consisted. He procured specimens of Chinese, Saxon, and 
French jioreelain, which he broke, and found the internal 
structure of both the two .former to be compact, smooth, and 
shining, while that of the French was less close and fine, and 
without lustre, and its gran resembling crystalline sugar. He 
next tested them by exposure to such extreme heat in a crucible 
that all the European specimens were melted, while the 
Chinese remained unaltered. This most essential difference led 
Reaumur to the discovery of the true nature of porcelain, which 
is a semi-vitrified compound, in, which one portion remains 
infusible at an extreme heat, while the other [Kirtion vitrifies 
at that heat, anil, enveloping the infusible part, produces that 
smoothness, density, whiteness, and, in the case of china-ware, 
transparency, which, with a fine texture of *he glaze (resembling 
the lustre of velvet rather than of satin), is characteristic of 
the finest descriptions of porcelain. Macquer,Tiowever, in his 
Chemical Dictionary, questions the correctness ef Reaumur's 
conclusions, and it is probable, that, the Saxon specimens he 
s Dictionary of Manufactures, article on “Porcelain.” 
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experimented upon were nit made of the best materials; 
Mncqner asserting that the clay-and olhifli ingredients of the 
porcelain of Saxony are similar to those employed by the 
Chinese, one portion being absoiiitely infusible: and® this he 
is corroborated by the writer hlrcady quoted, 1 who says that 
“ the 1'resden, or Sagan, china has sonic qualities which render 
it decidedly superior to the Oriental’’; and after describing its 
materials and texture, adds, that “it is not fuxihlcby any heat' 
employed in'diring.” This may he so, when it is only subjected 
Ao the. cxlremest heat of Kur-ipcaii kilns; hut the heat, to which 
Chinese porcelain is usually subjected is so much greater, that 
it is said that some of the materials employed ill the Chinese 
glazes cannot lie vitrified at a hover temperature than would 
suffice to ftse granite. The Chinese porcelain glaze is much 
superior hi any used in Kurope.au potteries, and requires such 
extreme heat for its fusion--the object aimed at being to render 
it perfectly impermeable to moisture from the ware in firing, 
which is necessary, owing to the Chinese subject ing the greatest 
part of their porcelain only one firiug, previous to which the 
ware is dried sufficiently in the nit to prepare it for glazing. 
This plan, superseding the separate biscuit and gloat firing of 
our jitters, must secure a great saving in ^ime and cost of firing, 

,besides in that of breakage and other losses in the kilns; but 
it is unattainable by our porcelain manufacturers, owing, if for 
no other cause, to the inferior refractories of the fire clays they 
use for saggers, a reference to which was made by the writer 
in his article on “hire. Clay,” in The Papery (inzette for December 

18S3. 

• • 

Keaumur, in his experiments with the specimens of kaolin 
and petuntse received from China, reported to the Academy of 
Science, that while, the former gave no indication of fusion in 
a porcelain rfurnaee, the other wjs fused without any addition 
of fluxing materials; but owing to the want of anthontic 

1 “China ancLEartlieiiware," Th^PotUnj Gaxlte, May 1883, 
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analysis of both these materials there is evidently 'a great 
deficiency of reliable information as to tlieir exact composition. 
The writer on “Chijjaand Earthenware” in The Putter;/ Uazefte, 
already quoted, says that petuntse is obtained hy abrasion ami from 
“fragments of a rocky mineral, of which tl. > greenish is the best 
—now proved to he felspar, with a small portion of protosulphate 
of iron,” and lie then proceeds to indicate, rather than describe, 
>the processes hy which it is reduced to an impalpable powder, 
and formed into cakes, in size and thickness nftrih like floor 
tiles, lie states, however, that kaolin also is “obviously 
felspar found in beds reduced hy atmospheric action to the 
state of clay ; and that it is so named from being found in a 
stale, by nature, almost ready for the manufacturer.” That 
this is not the, origin of its name is well known, it bt/ing derived 
from its'original source, as stated below. The same writer, 
referring to china and porcelain as well as to earthenware, 
says that its “hardness, infusibility, and unalterahility require 
the presence of Hint”;.and again, “silica, when pure, is 
transparent, and when calcined loses much of its adhesive 
quality, and even in the. pulverised state communicates to the 
ware hardness, firmness, and unalteration hy firing.” Now, as 
evidencing the confusion of ideas in resjiect to the composition 
of the ingredients of porcelain, and of kaolin and petnntze, 
respectively, the author of the Treatise on Poirelain, quoted 
in the last chapter, says: “It i< the kaolin which, although 
much softer than the petuntze when taken from the quarry, 
gives strength and body to the porcelain, and consequently 
this >( or some substitute possessing the some quality, forms an 
’indisjtensahle ingredient in its composition” He adds that “it 
fs related that some Europeans, having privately obtained 
some blocks of petuntze in China and conveyed them to their 
own country, vainly endeavoured to convert, them into 
porcelain; which, becoming l(nowq to some Chinese manu- 
facturprs, they deridingly repiarkcd, “That certainly the 
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Europeans must be a wundeiiful ’people, to go about to malce a 
body, whose ‘ flesh ' was to sustain itsc'* without 1 bones ’ ” 
(p. 109). This story appears somewhat apocryphal on the 
face of it, but, if true, does it nut rather indicate that, petuntze 
is at all events iiot.idenlical with china stone, which can by 
itself make a passable bodj ; and that mnr. probably kaolin 
was the material—the attempt to make a porcelain of which, 
without a siliceous ingmliqpt, excited the mirth of the ' 
Chinese manufacturers'! The simile they used (if they did use 
it) was not a very appropriate one, hut certainly our china clay, 
would be more appropriately called the “flesli,” and flint the 
“bones” of porcelain, than would the reversal of these terms. 
The same author states that kaolin is found intermixed with 
particles <£ a shining substance resembling mica (p. 105), 
and again (p. 109) that it is known from the particles of 
mica which it contains, to have its origin in felsjmr, or (? of) 
graphic granite (pegmatite). Those two rocks, felspar and 
pegmatite, are not at all similar; ajid it will be shown that 
kaolin is not derived from a granitic rock at all. 

It has been stated l>y the Huron von Kiebtofeu 1 that it 
seems uncertain now whether the Chinese use, in making 
porcelain, what we call kaolin, for the mineral they obtain from 
Knu-ling, the locality from which their kaolin was originally 
got, and from which it has been named, is a greenish rock 
(Yeou-ko), as hard as felspar, which they reduce to a tine 
powder by stamping and other processes, after which it is 
moulded into small bricks. He adds, “that formerly the best 
quality eatffe from Kau ling, but that this place has lost its 
prestige for centuries; nevertheless the Chinese still use the 
term for the best of Ibis material, from whatever locality it is 
got.’’ UnforlunStcly the Huron gives no inhumation as to the 
localities froip which the factories (500 or more in number at 
the time D’Kntrecollcs raided, tHere) at King-te-c.hin now 
1 American Journal of Science, March 1871, p. 179. 
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obtain their supplies. He states further, “ that the application 
of that name, by L'erzilius, jy> porcelain earth, was made on 
the erroneous supposition that the white earth he, received from 
a member of the embassy occurred naturally in this state. The 
name land oj material is railed )ieiuut;:e." Its composition is 
given by Janvier,’ from an analysis by libel man and Salvetat, 
as— 


Silica .' . . . • . 

. 75'09 

Alumina. 

. i . H'02 

Magnesia. 

traces 

Potash. 

. 2'09 ' 

Soda. 

. 3-05 

Pen it* oxide. 

. 0'08 

Lime. 

. 0'05 

Ox. manganese .... 

.0'03 

"Water, combined .... 

. 2-03 


9ii'44 

Tn the work of Stanislaus J alien, 

above quoted, there, is an 


appendix containing a short “ Memoire Mir la Porcelaine du 
Japon,” by Dr, J. Hoffman, describing the porcelain quarries of 
Japan, in which he states that the “terre blanche,” or “terre ii 
porcelaine. du Japon," which is used for the fabrication of 
porcelain, conies from the mountain Idzumi Yuma, and is white, 
but as hard as rock, and has to he broken with hammers, aim 
pulverised in mills. Its composition as given by Janvier, from 
an analysis by Malaquli, is— 

Silica.75'09 * 

(Alumina.*. 20'00 

Potash. 3 - 0 ;, 

Lime.O'Oti 


98 "30 


1 1‘mdiuU Kcramm, by 0. An Janvier, [>. 34. Chatto & Wimlus, 
Loudjs, 1880. 
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From the lrirge jx-rceutagt* of'siliea mid the percentages of 
alkaline ingredients A these two analyses* «it may he assumed 
that these are the analyses of \try siliceous felspars or potro- 
silexes, rather than of the poicdoin clays obtained Jr»m them, 
of which they are given as analyses; hut the more the matter 
is looked into, the m^rti uncertainty appears attached to it, and 
it is very much lo he regretted that some persevering Attempt 
has not lieen made ere now, pillier hy tlie Chamber of Com¬ 
merce in the^Wottcrics, <u' hy (he authorities of the Museum of 
Practical Ideology, London, |o obtain b>th from China and 
Japan certified speeinuyis of the various minerals which are 
used as ingredients of their porcelain wares, and of which 
reliable analyses could then be had for comparison by our 
jiorcelain manufacturers, with those of our Cornish and Devon 
china clay and stone. 



1 \ 

CHATTKll XII 

C’ffIXKSK KAOLTN—PETUNTZE 

1 t 

I N tlic. Tiraiinc on JWoi'lahi, in the la^t chapter. 

and already referred to, the author elates ([>. lOo) that 
the Chinese, kaolin and petuntze “are, found in mines or 
quarries situated lietween twenty and thirty leagues from 
King-te-chin, to which they are, brought in sfikill vessels, 
which are continually passing up and down the river of Jao- 
teheou for that purpose,” and he further states “that the hard 
blocks of petuntze are cut from the quarry in the form and 
about the size, of our bricks, and are brought in this state to 
King-te-chin.’' 1 

lie describes the methods by which the [nduntze is reduced 
to a sediment and dried in moulds and afterwards cut into 
square pieces, which arc sold by tin 1 hundred to the, porcelain 
makers. lie. slates also that “similar processes are followed in 
the preparation of the kaolin, but this substance being much 
less hard than petuntze, less labour is required for its perform¬ 
ance.” In this account the kaolin and petuntze—which aro 
the prepared materials, ami appear to ho prepared for use, not 
by |he porcelain mamifaolurers, hut by parties who' make their 
preparation a special business—are evidently confounded with 
tly! rock minerals from which they are produced. The author^ 

1 Although ttic writer has followed Janviers and other recent authorities 
hitherto in the spelling of thig tame, he may as well mGTition, that’ill a 
new map just issued by the China* InlaiK] Mission, it is spelt “ King-to. 
ohing" , 
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further' states that two othofr sflbstances, described as oil (a 
Chinese term for an* alkaline preparation* t>f lime, ’but which 
contains no oil) and varnish, a4> used in J;he manufacture of 
porcelain—one of these is “ a nflnhination of petunia* (1 pelro- 
silex) with another•udjstaiice, J ’ the name anil composition of 
which is not given, Igif. “ to each one blind reiPpmmds of which, 
after licing reduced to a creamy condition, one pound of a 
mineral called ‘sliekao,’ or • ehy-kao,’ which i* a kind of 
gypsum, is willed.” The other is “a thin paste of lime and 
ijitasli obtained from cjiiicUin.e and fern ashes,” the latter 
fluxing the lime, and, “«to dissolve this mixture shc-kao is also 
added in the same jirojxirtiou as to the other. To the agency 
of this oil of lime the Chinese manufacturers attribute all the 
lustrous appearance of their porcelain. In mixing these two 
varnishes together, one measure of the oil of lime is added t« 
ten measures of that of petuntse.” The same author states 
that since the time when D’Entrceolles communicated his 
(diservations on the porcelain manufacture in China, the 
letters there have discovered a new mineral which they can 
advantageously use in the. uianufiftture of porcelain. It is 
described by him ns a species of chalky (or calcareous) stone, 
“whjfli hears some outward resemblance to soap, and is 
declared to possess considerable medicinal virtues. It is called 
‘ hoa-che’j and when used inslcad of kaolin, the result is a 
porcelain of very line grain,, and much bettor qualified for 
receiving colours, hut more brittle and far dearer in cost than 
the common porcelain, the pr'ee of hon-che being three times 
that of kilhlin.” The hoa-che is very probably a species # 
of'steatite, a silicate of magnesia, and which is capable 
of being made into porcelain without any admixture of 
other materials, as the author affirms can he done with 
hoa-che. , , 

Now it would naturally Jie ejected, that, having a Museum 
»f Practical Geology here, wljjch has been in existnwan for 
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many years, anyone desirous <Sf learning something of the clays 
and other'ingredients employed by the Chinese' and Japanese 
in the manufacture!'of their foreelain, would find specimens, of 
all theis> gnaterials there, with'analyses of them attached. 
Strange however as it may a|<ponr, it i* not the less a fact, 
that all our (lowrnment Technologieal'AJnseum earn show is a 
few smUll specimens, not ohtained through official agency, hut 
which have 1 been picked off thy materials being conveyed by 
the vessels from the quarries to the iieiglibourhs.nl of King-le- 
chin, or from the carts conveying them from the vessels to 
the works, by someone who probably was unable to tell 
correctly what the several specimens really were. These, such 
as they are, have been forwarded to the Museum by \V. Lock¬ 
hart, Esq., to whom therefore all the scanty means, at present 
available for any practical knowledge of Oriental porcelain 
ingredients are due; but even of these no analyses have yet 
been published. The writer, by the courtesy of Mr. Kudler, 
curator of the Museum, has lately been allowed to inspect these 
specimens-—of which, however, little can he made without 
analyses. Amongst them* is a small specimen about 1J inch 
long, by broad anil l of an inch in thickness, which iso 
hard mineral of a greenish-yellow tint, and labelled as the 
mineral from which the Chinese kaolin is produced; whether 
it is identical with the mineral “ Veou-ko,” of which Janviei 
(in his Praitiral Keramie *, p. t 34) gives the analysis quoted 
m p. 96, supra, the writer has not yet been able to ascertain 
mt there is no doubt that it is a petrosilex and not a granitoid 
ningrai such as Cornish china clay is obtained froifl. Janvier 
rom the best information, says (p. 149), i^may now be inferred 
‘that most Chinese porcelains have a strictly potro-silieeoui 
jasis, and that the term kaolin is applied by the Chinese to t 
washed, pulverised petrosilex, and not to the clay wo .cal 
kaolin ”; and therefore, frtmi ,this ;md the various quotation! 
alrcajf given from other sources, it would certainly, tho writes 
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presumes to tlitnk, be an advantage gained to the nomenclature 
of porcelain mamifactwe, if the term kuoljv was dropped as a 
name for our china Slay, and llfat of earclazito substituted, as 
proposed by Mr. Collins. 

As may be inferred from tjje foregoing remarks, there are 
few available sources* for obtaining reliably analyses of the 
ingredients of Chinese, porcelain, but leaving over in meantime 
any that it may 1m.* possible to obtain of its nfhen ingredients, 
the. writer wiU now give all the analyses of Chinese kaolin, 
which have come under his notice. Should any readers be. 
lit possession of others, or be able to refer to sources of 
obtaining them, they will confer a favour by sending them, 
under cover, to the publishers. 

The sutler of the Treatise on I'nrcrlain Munnfarture states 
(p. 100), that the. kaolin quarries of China are similar to tluj 
mines of Alenyon, and St. Yricix near Limoges, where a 
similar porcelain earth is found—all of them having a super¬ 
stratum of red, friable, micaceous rook, of the texture of gneiss, 
l'rom his statement, however, it, is really dillieult, to determine 
when he is referring i/I the clay, apd when to the rook it is 
obtained from, lie gives no analysis of the kaolin, but states 
its composition to be— 


Silica. 

. 52*00 

Alumina. 

. 42-00 

Oxido of iron. 

. 0-33 


nt-33 


but.the writer believes this is not likely to lie correet-8-lke 1 
percentage of alumina being much in excess of the percentages 
'given in all the oiflier analyses. 

In liloxnm’s Chemistry, p. 2df>, it is staled that the Chinese 
kaolin contstfns “a considerable jkuiion of free silica” (which 
i| doubtful), “ along with variable percentages of lime, magnesia, 
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and oxide of iron,” and tlie following analysis of it is given, 
viz:— 


Silica . . v . 

.50-5 

Alumina.... 

.337 

Potash and soda 

• • 

Oxide of iron .... 

. 1 -8 

Magnesia .... 

. . . . 0-8 

Water and loss 

.113 

, 100-0 


In Ure's JHrlitmari / of ,1 rfr, vol. iv. p. 512, a similar analysis ‘ 
is given of kaolin from Si-king, in China—evidently of the 
same clay as the foregoing, as the, analyses are exactly alike. 
Neither of these gives the, source from which they obtained their 
analysis, or by whom it was made. 

In the same dictionary, however (vol. i. ]i. 204), is given 
the following analyses (investigated by W. Kulman) of three 
qualities of kaolin from Kiu-kiang, in the form of bricks dried 
at 110‘ C., and of course not deprived of their constituent 
water:—■ 



No. 1. 

No. 2. 

No, 3. 

Silica.... 

. 50-037 

52-208 

51-210 

Alumina . 

. 32-737 

31-997 

33-150 

Oxide of inui 

. 0-955 

0-712 

0-709 

Perrons oxide 

. 1-890 

1-911 

1-938 

Ox. manganese . 

. 0-827 

0-540 

0-813 

Lime .... 

.- 0-501 

0-461 

0-456 

Magnesia . 

. 0-268 

0-273 

0-284 

Potash 

. 2-520 

1-560 

1-103 

Soda 

traces 

0-970 

0-992 

Water 

. 10-011 

9-499 

0 

9-500 


100,’HO 

100-134 

100-483 


Lyell 1 gives the undernoted analysis quoted from Phillips’ 

1 The Students’ Elements of Ofdofj, by Sir Charles Lyell, 2nd 
edition, 1874. 
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Introduction tt Mineralogy, of Kaolin from King-tab, China, 
viz:— 

. Silica ..71 '15 

Alumina ... . . . 15’SO 

Lime .... .... ] '!)2 

Water . . .6'73 

ar.-M 

And it is prohibit that this ifludysk may much more correctly 
represent tli? character of much of the Chinese kaolin than the 
ifrst one given, because thoif porcelain bodies contain a much 
larger proportion of silfea and less alumina than does English 
porcelain, both their kaolin and potuutze being obtained from 
very siliceous rocks. 

it will 15c scon from a comparison of the above, analyses of 
kaolins from Kiu-kiang that they have larger percentages df 
silica than the Cornish and Devon china clays, of which 
analyses have been given; while, on the other hand, all the 
analyses of Chinese kaolins given above, with the exception of 
the last, have less percentages of silica than several of tho 
china clays of France and Saxony, analyses of which have been 
given. 

JiHivicr says that the “host Ohim«e porcelains appear 
' lunch the same in texture as the European hard porcelains, 
differing,* however, in the composition of both the paste 
and glaze,” and further, that, “having a much greater 
proportion of silica, they are more fusible than the fine 
European pastes, which are very aluminous, and consequently 
very hard.” A comparison of the analyses, however, oi their, 
kaolin, with those, it the Continental clays, shows, as lias just 
been stated, thn* at least some of the latter have a considerably 
largor percentage of silica than the Chinese, kaolin—unless the 
analysis from Phillips’ Mineraiotjt/ is to he taken as their 
standard; and that tin? Chhicse porcelain, if much more 
" r •. 
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siliceous than the European, derives its excess of lilica probably 
from its petuntse ingredient. 

Janvier proceeds' to say that the Chinese paste, and still 
more the glaze, will melt in the g-catest heat of the European 
kiln. This- and the preceding statement are so diametrically 
opposed to the statements the writer quoted from Reaumur, 
aud from other "sources, that, not having himself much 
practical knowledge of porcelain manufacture, he cannot offer 
any opinion of his own as to which is correct; hut would 
urge the diversity of statements in the matter as a proof of 
the desirability of specimens of the Chinese aud Japanes,. 
porcelain materials, and of their porcelain, with aceonqiunying 
analyses, being obtained and placed in the .lermyn Street 
Museum for the benefit of the trade. 

The writer has been unable to find any reliable information 
regarding the ingredients of Japanese porcelain except from 
Janvier, who, in l'rwtiml Ki’minim, already quoted, gives 
the following analysis of “Terre d’ l’nrcelaiue du Japon” by 
Malagnti, viz.:— 


Silica. 75*09 

Alumina.20*00 

Potash.a-05 

Fluorvinc.O'Ci 


98-20 

and mentions quartz, fvisile (01 petrosilex), felspar, and a 
peculiar porcelain stone from Arila, as other ingredients of 
Japanese porcelain. Janvier says that the Japanese have 
surpassed their teachers, the Chinese, and are now the Wat 
potters and decorators in the world; in delicacy of finish and 
in perfection and harmony of colour they a-o unsurpassed. 
According to their own authorities, they derived the art of 
porcelain manufacture from, the Chinese. In the sixteenth 
century, porcelain was first matte at fflizcn under the direction 
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of Gorqdayu Chonsui, who went to China to learn the art, 
while., about the same time, "several porcelain makers were 
brought over from the Corea by.Prince Nabessliima Naoshige. 
The art hail been, some tint’* previously, introduced into the 
Corea from China, uml hail there attained such perfection, 
that kith China and .Japaq acknowledge their obligations to 
that country. Oenuine Corean porcelain lias a remarkably 
pure white surface, and is very thin and delicate. The 
Chinese value it highly, but* no porcelain is now made in 
Corea (Janvier, p. 16.1). 

According to the same writer, the Japanese paste, is more 
fusible than the Chinese, and their porcelain is very translucent, 
owing to the fact that it contains more silica and less alumina 
than the Chinese or any other hard porcelain. It is also of a 
purer white body than the Chinese ; the best qualities are very 
delicate, and are very carefully finished oil', llizen, Owari,' 
Kioto, Tokio, and Knga, are the principal places for porcelain 
in Japan. 


The following are two 

other washed ingredients of Japanese 

)Kiivelain, called “ Shirt) - 

cliu-chi” and “Sakaimc-chu-chi” 

respectively, analysed by AYurlz, which arc given 

by Janvier, 

viz.:— 



<> 



Silica.... 

. 80*920 

81-141 

Alumina . 

. 15*822 

14-542 

Magnesia . 

. 0*100 

0-242 

Potash 

. 0*530 

0 •!>!>!) 

Soda .... 

. 1 *530 

1-780 

Iron .... 

<1*032 

1-000 

Fluorine • 

. 0*152 

O-l^t 

Ok. manganese . . 

. 0*014 

0-021 


100*000 

99*999 


What these are, the writer ejmjiol determine, but Janvier 
states (p. lid) that “acciifding'to careful investigations made 
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at the time of the American, Centennial Exhibition the finest 
Japanese porcelain seems to be made without the use of any 
kaolin at all, or of any equivalent therefer, being compounded 
as to its body solely of pctuntzcJike, or petro-siliccous materials,” 
and suggests that similar materials might lm found in the West 
to enable our porcelain manufacturers rival the Oriental. 
Jaliving is of opinion that the European china clay porcelain 
seems to be a new invention which must, ho classed hy itself as' 
a china clay (carclazite) body, whilst the Japanese and Chinese 
porcelains should he classed as felspar or petrosilex bodies, as 
might be found to he most correct; certainly, at present, little 
is positively known as to their composition. The Japanese, in 
their exhibit in Paris (lKTK), slated that iw kaolin wax nsntl in 
llu’ir porcrlain. 



CHATTER XJTI 

KlJKOI'liAN AND CHINESE rl,AYS COMl'AHED 

F ROM the, statements quoted from various writers in this 
work it is obvious that some uncertainty at least exists, 
as to the absolute identity of our Cornish china clay (carcla- 
zite) with tire Chinese, kaolin; but as several authorities state 
that they are identical, and that any uncertainty that exists 
as to the composition of the ingredients of Chinese porcelain, 
relates more to the petuntze — assumed generally to be the 
fusible or fluxing ingredient of the body—than to the infusible 
iday ingredient, the writer will not discuss this question further 
until he treats of the Cornish china stone, when the whule 
question may be more satisfactorily reviewed. 

Amongst other writers on kaolin^ a prominent place must he 
given to Messrs. Johnson and 3flake, who, after considerable 
research, and the examination, by aid of the microscope and 
otherwise, of a variety of plastic clays, 1 found that many of 
them, including porcelain and pipe clays, and also some fire 
clays, possess certain chemical and physical properties which 
admit of precise definition 1 , ami that kaolin (china clay) 
possesses these most commonly ami abundantly. These, and 
specially Hie latter, they found largely to consist of pearly 
hexagonal plates of the prismatic or trimetric systen>; and 
in a joint article in the .1 moriran Journal of frienre,' they 
proposed to rank all such as a distinct and now mineral 
species (of the genus aluminum), under the name of kaolinUr, 

i “ On Kaolinite and Plioleiite," by 0. TV. .lolinson and Joliu M. lilake, 

American Journal of Science, N.S., vul. xliii. 1SII7. 
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and their proposal has hoop, adopted in the minoralogical 
department of thy new Natural History Museum, South 
Kensington. 

Ill the article reierred to, Jflcarrs. Johnson and Make say, 
that kaolin is described by nearly all writers as an opaque 
amorphous substance. Some have,mentioned it as containing 
minute transparent plates, but have supposed them to be mica 
or other admixture. They had examined “ twenty specimens 
of kaolin, pipe, and fire clays—origin of most quknown. In 
all of them were found greater or less proportions of transparent 
plates, and in most of them these plates are abundant—evi¬ 
dently constituting the bulk of the substance.” They further 
state that the “porcelain clay from Deindorf, Havana, is 
perhaps the most finely divided of all the white clays studied. 
When dusted on a glass slide it appears to consist chiefly of 
masses of a white substance that are opaque, or nearly so, in 
transmitted light, but, when fully illuminated above and 'below, 
they have the translucent aspect of snow in Hie lump. Inter¬ 
posed among these masses may lie seen extremely minute and 
transparent plates of irregularly rounded outline. When 
placed in water, these masses are almost entirely resolved into 
similar transparent plate.s, most of which are not more than 
"0001 of au inch in b.eadth. This description applies also to 
all the liner plastic clays.” 

In reading Messrs. Johnson and 1 Hake’s article, the writer 
was struck with the fact that those gentlemen had apparently 
not been able to procure and examine any specimen of the 
Chinese kaolin, however carefully they may have examined 
the porcelain and other clays of Europe and America; and 
yet they take for granted that the common belief, founded 
on the information furnished by Francis Xavier d’Entrccolles, 
nearly 200 years ago, is correct; and actually, on that mere 
supposition, they liavo proceeded to apply the Chinese' term 
to the European and American clays, which differ both in 
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composition and origin froip those of China and Japan. 
It is certainly a very* unusual procedure >ao to li.i scientific 
nomenclature on a doubtful lysis, and ^t is to similar as¬ 
sumptions that all the unc<irtu : nty prevalent on tji'j sul)jcct 
is due. 

Messrs. Johnson apd Illnkc quote the eherxieal formula iirst 
Reduced hy P'orehhanmier, from the analyses of a number of 
porcelain clays, viz., 1 Si, 3 G It, or 2 fii, At, 2 II, and 
they give tjjo following analyses from that chemist of the 
porcelain clays on which lie, founds it, viz. 



Ironi 

F rom 

From 

From 


Richmond, 

Zeisigsvald, 

Allcnbcrg, 

Frciber* 


Va. 

Sax. 

Sax. 

Sax. 

Si]ii*a , 0 . 

. 4s-r»t» 

49-91 

45-63 

47-74 

Alumina. 

. 35-61 

35-23 

39-M* 

39-48 

Water . 

. 12\S8 

M*St» 

13-70 

34-07 

Imjmiitics 

. 2*95 

0-00 

0-60 

o-oo 


100-00 

100-00 

99*82 

] 01 -29 


And they mention thatdhcy “ fuuml, more than thirty analyses 
of clays, kaolins, and steinmarks, which obviously agree with 
the formula above given of crystalline kaolinite.” They also 
state, that the first mention of a crystalline substance with the 
‘composition of Forehlianimer’s kaolin found by them, was 
“by Wolfler, who dese.rilies, under the name of steinmark 
(lithomarge—a variety of china clay), a pale, yellow, coherent 
mass, which is converted by dilute hydrochloric acid, with 
solution of ^little oxide of iron, into a white shining powder. 
With the help of a lense, Wohler found it to consist of 
shining lamina?, which, when magnified 200 diameters, were 
seen to he transparent, and to consist in part of rhomhoidal 
plates. The mass had an earthy fracture which assumed lustre 
by rubbing an unctuous feel, Uni adhered strongly to the 
tongue.” 
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Messrs. Johnson and Blake also give an analysis of a clay 
from Schncekenstcn, Saxony, by Professor \V. S. Clark, of 
Amherst College, as follows, v 1 '.Silica 46’7fi, alumina 3D'D9, 
water 1?'42, impurities 0'9t ="9C ! fl — sp. gr. 2-fi; and mention 
that “this required to he acted >n by hot concentrated hydro¬ 
chloric acid for ome time before'falling to a white powder. 
Microscopical examination showed its close physical resemblance 
to kaoliuitc. It consists of plates and bundles of plates, the 
largest being -0001 of an inch, or less, in breadth, and, when 
sufficiently magnified, showing a great similarity to the kaolinile 
from Summit Hill, Pa., U.S.” 

From the investigations of Messrs. Johnson and Blake, it 
may he taken that the basis of many of the china and other 
plastic clays is a soft, white, transparent, infusible substance, 
chiefly composed of very minute, flexible, hexagonal plates or 
laminae, crystallised in forms probably belonging to the tri- 
metric, system. Its sp. gr. 2’6; lustre, pearly; insoluble in 
dilute hydrochloric acid; in most of its forms difficultly decom¬ 
posed by hot concentrated hydrochloric acid, but resolvable by 
hot sulphuric acid, and dissolving completely in strong solutions 
of caustic alkalies ; and in chemical composition agreeing with 
the formula deduced by Forchhammer, from his analyses of 
various porcelain clays, as given above. 



jCnAl’T # KU XIV 

SOUJSUKH OE JUISH*l , (>Ji(Uil.AIN <;i-uh 

TTAVIX(!.now* jirot-ty well exhausted the subject of those 
-* *- articles on clays; having mentioned the various varieties 
of clay, especially thqpe in which some readers are inure 
especially interested; having described their chemical com¬ 
position ami qualities, their origin and mode of occurrence 
in Cornwall and Devonshire, and also in various European 
localities; having also pointed out the difference between 
J,he pipe and polling clays of Devon and Dorset shires, 
naturally deposited in beds ready for use, and the earclazitc, 
or true porcelain clay, of Cornwall and Devon obtained from 
the decomposed granitic rocks (known in Cornwall as “ growan ”) 
by the various processes briefly described in a former chapter; 
having also given what little information is as yet available 
respecting tire kaolins of China and Japan, and referred 
to the uncertainty still existing as to *their being, as has 
been so generally assumed, really identical with the china clay 
of Cornwall and other European localities, I am anxious, 
to give some account of the china clays of Ireland and the 
rocks from which they are or may he obtained. 

So far i* the writer knows there are no indications of 
deposits of china ela^ being probably ever found in Scofland, 
although Bristow mentions its being found on the S.V. side 
of Fctlur, 1 one of the Shetland Islands. The writer cannot say, 

hoyvever, whether it exists in any quantity there, but, if it does, 

• • « 

1 Glossary of Mineralogy, liy. IT. JT. Bristow, F.U.S. London, 1801, 
Wudor “ Kaolin Localities.” * - 
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its distance and the extremely exposed and slnihn-ridden coasts 
of the Shetland*, readers it inipmlahle Mint Fellar will ever lie 
looked to as a source of supply of china clay for our English 
potteries. The lute. Dr. Thomson-, of Glasgow, who was a most 
enthusiastic mineralogist as well as ehonjist, and who devoted 
nearly all his spaje time for ten years to,the study and chomieal 
analysi.: of rocks and minerals, especially tliose of Scotland, does 
not mention, in his work on Mineralogy, etc., 1 either Fellar, or 
any other place in Scotland, as a locality for china clay, nor 
does he mention any locality there, for felspar (although felstone 
is abundant in many localities) or pctrosilcx- -rocks from which 
it might be derived; and no subsequent. Scottish geologist 
or mineralogist, so far as the writer knows, has indicated the 
probability of china clay being obtained in quantity there, 
or any at all elsewhere ill Scotland ; or the existence there of 
peijmntih’ or pivtogeiie, or any other variety of granitic rock, 
such as those from which, by decompisilion, the soft “growan ” 
of Cornwall is derived. 

This being so, should the question—as in the case of eoal— 
ever he raised its to the probability of the exhaustion of the 
Cornish and Devonshire china clays, and as to where our 
porcelain manufacturers and potters can, in such an eventuality, 
look for the supply W that material, or a substitute for it, to 
keep their works going, the writer believes the reply must be¬ 
ta that so long neglected hut most ini]K>rlant part of'the United 
Kingdom, Ireland, which, if the sea that surrounds it be the 
“ melancholy ocean,” as designated by a lately deceased states¬ 
man, it is at all events a narrow one, speedily, and safely 
traversed at all times, and, when crossed, revealing a couhtry 
of magnificent harbours and inexhaustible water-power, and, 
indeed, a real El Dorado of metallic and mineral wealth of 

1 Outlines of ilimmloijy, Ocolopj, mul Miwral Amiris, by Thos. 
Thomson, M.D., Regius I’rof8ssor ( of Chemistry in tho University of 
Glasgotj, 2 vols, London, 1836, 
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every ■sort, requiring .only mtdicum of common sense and 
submission'to law on Abe pait of its native, and tlfc thereupon 
speedy investment of capital, to^.levclop its.resources, and cause 
tlie “ Emerald Isle ” U) snTile. with prosjierity and wijiU.h, by the 
development of mining and ^manufacturing industries, which 
might in time rival.those any other parted the, kingdom at 
.home, or of the empire abroad ; by which, along with file other, 
remedial agencies now so effectually in operation,«an end would 
speedily be. put‘for ever to the agrarian violence that now 
disgraces it, and Irish ho .els he changed into comfortable 
homesteads and their .at present discontented inmates into 
prosperous and loyal subjects of 1 iis Majesty the King. May 
Clod thus, as well as in other ways, bless old Ireland ! 

The. vyiter has mentioned several localities in Ireland 
where there arc deposits of pipe clay similar and equal in 
.quality to those of Dovey Tracey in Devonshire, and the 
various Dorsetshire beds, and from some of which large 
quantities have been imported to England for potting pur¬ 
poses. Ho far as the. writer has been able to ascertain, 
however, the chief localities in, Ireland where porcelain 
clay occurs are llelleek, near Lough Erne, in the County of 
Fermanagh, where, according to Kinnghnn, 1 there is a range of 
an endogenous granitic vein rock of pink orthoclasc felspar, 
which is extensively worked by the llelleek Lottery Company, 
of which \ho writer hopes to ^ivo a more detailed account in a 
future article; Kilrancliagh, near llaltiuglass, County Wicklow, 
where china clay of a fine quality has been obtained; a locality a 
little S.E. oS Westport, County Mayo, where a decomposed dyke 
of ^etrosilex forms rjdyke of china day ; and Tullow, County 
Carlow, hut where tlio porcelain clay is partly impregnated 
with iron. There aro also masses of decomposed granite in the 

Mourne Mountains, County Down, which yield china clay; but 

* • , 

1 Mimirnl of the Geology of .Ireland, by Cl. Jl. Kinaglian, M.K.I.A., of 
Ui M. Geological Survey. London, ys78. 

8 
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of those localities, the availaMe information, so Tar as regards 
their being future pfobable sources of supjrfy of porcelain clay, is 
exceedingly scnnty„aml the loiter is in'liojies of having ere 
loug an opportunity of personaily iisrihrtaining how far they aro 
likely to be so. . • 

Little altentionjias, however, befti paid ^s yet, and but little 
information is available, as to I,lie extent of porcelain clay # 
deposits in Ireland, or of tlie rocks which hy their decom¬ 
position furnish it, and the writer cannot, ir^m jicrsonal 
knowledge, say anything very definite on this point, hut ho 
believes that large supplies of this, as tyell as of pipe and other 
pottery clays, can he obtained from various of its counties. 
Dr. Kane 1 mentions that in many of the granitic districts of 
Ireland the. felspar is found decomposed, and that,J)y means 
<4 the same artificial processes employed in Cornwall, porcelain 
clay can be obtained from it. It is not, however, so much 
to these lie looks for future supplies of material for porcelain 
manufacturers, but to what lie believes will be found to be 
inexhaustible sources of such material, viz., the extensive 
ranges of petrosilex occurring in mnnj parts of Ireland, and 
which, so far as he can determine from the very scanty means 
available as yet in England for determining the subject, is 
identical with the ctiicf material used for the manufacture of 
hard porcelain, both in China and Japan, in the latter of which* 
country, if not in both, no such material as that generally 
called kaolin, and assumed to fie identical with our English 
china clay, or carclazitc, is used in the manufacture of Japanese 
por< Jain (as mentioned on pp. 100, 101), nor probably (accord¬ 
ing to the statement of Huron von Kicht^fcn, quoted on p.*95) 
■in tint of Chinese porcelain either. 

I’etrosilox is a very hard siliceous variety of felspar (of which 
only one very small specimen from China is to he found in 

'Industrial llcsourcts of Jnfaml, by IJobert Kane, M.D., 2nd edition. 
DubUn* ]S ,r - 
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tlio Je'rmyu Street Museum, as‘mentioned and described in a 
former chapter, by th# use of which our porcelain manufacturers 
miglit jirnbably produce a^ body rivalling in •every respect that of 
, the best Oriental manufacturers? 

According to Khiaghan, dykes of pelrosilex are specially 
numerous in ErrisMg, tlie* country westwAd of Koundstone, 

• County of < ralway; while Warren recorded many of*them in* 
the area to the ? north of the Krrilf valley, CmTnty of Mayo. 
They also oedhr in \\ exfnrd and neighbouring counties, in the 
vicinity of the granitic districts. There is, in fact, no doubt 
of the very extensive* occurrence of this rock, and of the 
inexhaustible source it oilers for the supply of this valuable 
material .for porcelain manufacture. 



CHAI’Tl'ilt XV 


1UISII fit,AYS —ANALYSIS— COVrAHIKON WITH JAl'ANKSE Cl,AYS 

I N now bringing those chapters on days" to* y close, the 
writer regrets his inability give, further information 
regarding the Materials existing in Ireland for the manu¬ 
facture of porcelain, in which so very successful results have 
been achieved by the, enterprise anil taste of the ltd look 
Tottery Co., in County Fermanagh. The. writer wn% indebted 
t* Mr. Armstrong for information regarding the felspar and 
porcelain clay of that county. 

Judging from the almost entire absence of Irish localities for 
it, in mincrnlogical works, the common orthuclase felspar, which 
lias now to he brought all the way from Norway for our porce¬ 
lain manufacturers, is of race occurrence in Ireland, llristow, 
for instance, gives only the single locality of Hlicvc Corn, 
Mourne Mountains, for it, and there apparently it occurs only 
in crystals, ami not in the massive form; although the de¬ 
composed masses of granite in these mountains, which were 
referred to as yielding china clay, are doubtless derived from 
its fclspathic constituent, and that may probably be orthoolase. 
As shown, however, in the. last chapter, from Kinaghan, 
Ireland possesses numerous dykes of petrosilcx, mi identical 
composition to the one near Westport, Jilonnty Mayo, men¬ 
tioned by him as having by decomposition Ijeen changed into 
a dyke of china clay; and it has also numerous other varieties 
of felsites of similar composition. 

The officers of the GeSlogjcal {Survey do not,*as a rule, 
apparently consider it part oi» their' duty to point out such 
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rooks in Ireland as njight fftrnish materyds for tachnical pur¬ 
poses, but Jukes, in bis Manual of (,'i’oloiji quotes analyses of 
petrosilex by Duroclier, the mofpi of which is as follows:— 


Silica . .7'i' 10 

Alumina- . . .1.V00 

Potash .... .* 3-10 

Soda.. ] -30 

Lime . . • . . *.0’80 

• Magnesia.1-10 

Oxides of iron and roangancSc.2'30 

Loss . . . • . , . ■ . . . I'OO 


100-00 

Now this bears so remarkable, a resemblance to tbc mineral 
which Dr. J. Heilman, in his description of the porcelain 
‘quarries of Japan, describes as white and hard as rock, and 
which the Japanese, he says, break with hammers and pulverise 
in mills as an ingredient of their porcelain, that, for conveni¬ 
ence of contrasting limn, it may be as well to repeat hero 
Malagotti’s analysis of it, quoted by Janvier, and given in a 
former article, viz.:— 


Silica . 
niiia 

S >V 

_j 


75-09 

20-00 

3-05 

0-00 


93-20 

The wi-ibsr will not presume to say whether this mineral is 
til* kaolin or the petuntze of the Chinese and Japanese fioree-* 
lain manufacturers, lTu* it is undoubtedly one of (Jie two; and 


1 The SIttdctU'a Manual oj (Jeotogy, by J. Iteetc Jukes, M.A., F.K.H., 
Local Director of the (leologiral Survey of Ireland. Edinburgh : A. k 
Black, 1862* . . * 

Another analyses gives 1S-00, vjiich makes the resemblan*e to the 
Japanese mineral still closer. * 
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whichever of the twojl is, it is not'got, likj our oliina clay, from 
a decomposed rook, but is reduced from * hard siliceous rock 
to a fine powder, for'an ingredient of porcelain, by the processes 
just referred to, and which, as previously mentioned, are, also 
the processes by wljich the hard mineral “,Yeon-ko” is prepared 
by the Chinese for their poreclaiTi bodies. 

Jn closing y>ese chapters on porcelain clays, I lieg leave to 
state my belief that the enterprising porcelain ipanufacturers 
of England would do well to direct their attention to the 
petrosilex ami oilier highly siliceous felsites of Ireland, for 
the purpose of still further rivalling, if not excelling the 
best porcelain bodies of the Japanese, who are at present 
unrivalled in the higher productions of their art. 

These chapters being limited to clays as potting materials, the 
writer considers it unnecessary to describe the various uses to 
which pottery clays, and especially china clays, arc now so* 
extensively used in numerous other manufactures and manu¬ 
facturing processes, and there is the less need for his doing so, 
as this information is given in numertus cyclopedias. It is 
certainly a subject of very great and increasing interest, as the 
varied applications of these clays to technical purposes are 
constantly expanding? and likely to he indefinitely increa^d. 

The opinion of the mineral and metallic wealth of Ireland, 
expressed by me on p. 112, may doubtless appear to some 
readers an exaggerated one; buJ while I purposely state my 
opinion strongly, in the hope of directing the attention of my 
readers to that part of the United Kingdom, 1 havt^not done so 
'without good grounds. In a list, published iu Dubliu for HAT. 
Stationery Office in 1854, of localities in'-iS counties of Ireland, 
in which mines and metalliferous indications and minerals 
had been discovered previous to that date (now thirty years 
ago), there are no fewer «tl«m 238 localities for' lead — in 
numcrojis eases rich in silvery 209* for copper, one having 
native* copper; 3^ for zinc; 37 fof cla^ ironstone, and other 



Clays 


U 9 

iron ores,- including ’ liemaMtp ; 11 for silver and auriferous 
silver ores; 5 in which gold (fonnerfy very abundant in 
Ireland) is found, and 13 .of auitjerous gossihis ; 7 for antimony ; 
3 for tin ; 1 for bismuth ; 1 for arsenic; 2 lor cobalt; 11 for 
manganese; 8 for sulphate of barytes; f> for mundies, and 30 
for sulphur ores—?i list which could nmv l*e greatly extended, 
apart altogether from ils deposits of rock salt, gypsum, soap 1- ' 
stone, bog iron tires, now so'extensively used for the purifiea. 
ti»n of gas*and valuable limestones and marbles, slates, granite, 
ftnd other buildilfg stones, and its extensive beds of pipe and 
china clays, lire clays* and eoal. There is an abundance of 
corroborative testimony as to these, to be had by those who 
will take the trouble to inquire; and there can be no doubt 
entertained, by those who do so thoroughly, that security for 
the investment of that capital, which is now almost becoming 
a drug in Isimliard Street and the City, is all that is wanting 
to develop these, abundant metalliferous mineral deposits of 
Ireland, and thereby revolutionise the condition of that country, 
by providing remunerative employment for thousands and tens 
of thousands of its at present liulf-starvcd and pauperised 
population, 



CHAPTER XVI 


COMPOSITION— OCCURRENCE— AN'AI.'YSKH 

/TIITXA stono, or, as it is sometimes called, Cornish stone, 
from its living nltLaineil from Cornwall, and there, only 
in tlio United Kingdom, is a granitic nick, chiefly eoniposed of 
wfiitc or pale brown quartz and white felspar, with oeeasionally 
a little light yellowish or greenish yilberfite and also flakes of 
lejiiiloUte, a while lilhia mica — neither of which, if only in 
very small ipiantitics, injure the economic, value, of the stone; 
hut when it contains any larger quantity «f either, or of brown 
or black schorl, it is useless for potting purposes. It is essen¬ 
tially a qnartzose felspathio rock—the quartz, however, being 
much in excess of the‘felspar, and the, latter often in a ftoro 
or less decomposed condition. The best qualities of the. stone 
contain fluorine, which greatly increases its fusibility, nnd that 
of St. Stephen's, which contains .1 considerable proportion of 
it, is in consequence much preferred by putters. Tlie felspar 
of the stone is chiefly orthoclasn (potash felspar) \yth a little 
albitc (soda felspar). • 

China stoire varies much in hardness, and, while its 
constituent felspars are usually more or less ‘decomposed by 
atmospheric and other agencies in the “ stone ” supplied to the 
potteries, its harder varieties are pretty durable, and, being 
easily wrought, they arc much flsed 'kically for building pur-, 

poses, espeeiuljy in the, St. Stephen’s district, where it is 
, ‘ }20 • 
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chiefly worked, mid lies’ long been largely employed for build¬ 
ing purposes, not only,for dwelling-houses,'and farm'-stcadings, 
etc., but also for churches—Illegible towers of St. Stephen’s 
•and 1 ’minis Churches may be cited as examples of fts' adapta¬ 
bility and durability ’fur public buildings; and in the neigh¬ 
bouring districts it ik largely need and kno'u by the name, 
of “St. Stephen’s stone.” 

In Cornwall the china stone is produced by' the partial 
docompositioi? of peijmatile, by atmospheric influences, and that 
of hydro-fluoric acid, which fs never absent ami is generally 
derived from IcpiilolHc aftd other fluorine minerals. J’njmaiHe 
is a binary granite, composed chiefly of quartz and felspar with 
more or less fluorine—the felspar lying impacted in the quartz, 
■as crystalg’or otherwise, as in a matrix, with more or less of the 
silvery white mica — and often passing into ijiajiliie granite 
Some writers, however, describe the “stone”as being produced 
by the decomposition of protuijine (Gr. protus, first, and 
ijinumai, 1 am formed, and so named under the erroneous idea 
of its being the of all the granites), the French 

term for taleose granite, composed of quartz, felspar, and talc; 
lmt Collins says, in his monograph, 1 “ All the old writers speak 
of taleose granite, or protuijine, us being abundant in the 
■decomposed grauite districts of Cornwall and elsewhere. What 
thero may be elsewhere, I am not able to say, but there is 
certainly nothing of the kind'at present known in Cornwall”; 
and as from his intimate knowledge of that county, and his 
special study of its granitic rocks, he is a most reliable authority 
on the question, the latter opinion of the source of Ceynish 
stone may be dismissed from consideration. 

China stone is flow generally considered to be identical with 
the Chinese petuntze. That name, however, is a singularly un¬ 
fortunate one, its literal meaning being “little whito brick” 

} The Hensbmrow Qnmih'bislriel, by J. H. Collins, •F.G.S. Lake 
4f Lake, Truro, 1878, 



122 Potting Materials 

• 

(;«■, while, tun, kick or block, lyid t::e; little), ami the other or 
infusible ihgredientfof their porcelain (lying also made lip into 
similar white bricks. * 

This •infusible ingredient, 0 similar in character but of a> 
different origin to our china rlay, or ISioliu, being obtained 
cither from the* natural dccijpiposition, *or by the complete 
artificial pulverisation by stamps, of a variety of pelnmlrr, li 
very hard, compact, siliceous felspar, eallejl by the Chinese 
caulin (I,-(w-liiii /—Chinese for hitjK r'uhji ■), from»a high ^dge 
where it was first discovered, ami from which it was conveyed 
(till some centuries ago, when the rork there was.exhausted) 
for the supply of the numerous potteries of King-te-chiu in 
the form also of small bricks. These bricks may probably 
have some distinguishing mark or stamp impressed upon 
them, but whether so or not, the similarity of their appearance 
has doubtless something to do with the confusion, caused 
by travellers or writers having repeatedly confounded the 
one with the other. The two terms, however, iMolin, for 
porcelain or china clay, and petofeg for china stone, have 
now definitely been adopted in the Koramic nomenclature of 
Europe. 

It may bo as wgll to mention here, in passing, 4hat a 
similar petro-silicoous rock occurs abundantly in Ireland, in* 
the form of irruptive dykes, which are in some localities found 
decomposed by atmospheric, agency, in situ, into the finest 
china clay. Even where they are not so decomposed, they 
could furnish, by the use of stamps or grinding mills, an 
unlimited supply of the finest porcelain clay, and will doubtless 
do so when capital can safely be invested in that unfortunate 
country. 

Janvier says that the “Chinese and Japanese porcelains are 
alike composed of a fusible angl transparent, and an ppafpie and 
infusiblo, substance — the former, »,quarlzose felspathic rocE, 
calcingd to deprive it of its \>atc» of crystallisation, and then 
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reduced to a line powder, if tile petuntse; the latter, the 
Icaolin— 

“Grind with strong .i?ms, 11 it; pondYoux chert helwixt, 

The soft luoliii, with /Wini/v mixed.” ‘ * 

• 

As the composition 1>£ tin? latter rock, or china stone, varies 
considerably, it is advisable for the manufacturers of pbruelaiu 
to ascertain, hy an analysis of paeh lot, in what proportion the 
ingredients stalul to each other. The Chinese use a flux with 
it,which they call oil,” and.which is a thin paste of lime and 
potash, the latter principally obtained from the bnrnt fronds of 
ferns. 

Collins, in his monograph already quoted, gives the under- 
noted analyses of china stone, Nos. 1 and - being the mean of 
two analyses of each sample, viz.: — , 



No. 1. 

No. 2. 

No. 3. 

Silica. 

. 13 -DO 

09-50 

71'GG 

Alumina .... 

. 10-50 

17-S5 

18-79 

Potash, with a little s^da . 

. 7*00 

7-StS 

G-tiO 

Fluorine .... 

. *0-71 

0-71 

0-11 

Lime. 

o-r.o 

2-«6 

1*70 

Magnesia .... 

0-31 

0-12 

0-35 

Iron, only a trace 

1 

— 

— 

Water and loss . 

1 -25 

1-30 

0-91 


100-35 

100-12 

ioo-ir» 


Collins, who, in his monograph, proposed the name of 
caydazile a? a specific name for the china clay of Cornwall, 
says therein, “ Buck jin important rock as china stone ought 
also to have a spreitic name,” and proposed that 'of pelunUite, 
—and it is certainly desirable that both these names should he 
brought into use for general, or at least scientific, purposes. 
Owing to its large proportion, of ‘biliea and potash with other 
alkaline ingredients, chiqa sdme is invaluable as fluxing 
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material, and is generally used {n the'potiencs ip tJie ninnu 
Facture bdtli of dfl'tliemvaro ami ponfjlain, being mixed, in 
\ arying proportions, after hejpg reduced by grinding in water 
t-o a fin* dip, with those of life clays*and flint, which constitute, 
die various bodies of these manufactures. • 




0,11 An fill XVII 

CHINA STUNK—DISCOVERY AND USES 

QHfMlt obscurity still exists its to Hie relations between china 
stone (jiehmhite) anil the china day granite (rnr- 
claziie), although it is asserted by some writers, and indeed is 
generally assumed, that they are both products of one species 
of granite t rock, differing only in the stage of decomposition in 
which they arc found, I’rfnntzite being that granite so, litthj 
affected by atmospheric and other agencies of decomposition 
as to temain hard, compact, and durable, in which state 

— as mentioned in the previous part of the last chapter 

— it is largely employed as a building stone; and even 
where occurring so ninth doeoiiipospd as to he easily broken 
down, when being quarried for export to the potteries, 
still retaining more or less of the alkaline ingredients of its 
constituent felspars, to which it owes ?ls special value for 

'employment in the manufacture of earthenware and porcelain. 
Then, when these felspars are thoroughly decomposed, tho 
rains wash out the greater portion of their soluble alkalies, 
which are carried off to enrich the soil of tho underlying 
valleys, lcav'pg in situ the more or less pure silicate of alumina, 
which constitutes tliy china clay of Cornwall. This, whether ’ 
occurring as a deposit iti situ, or washed down and,re-deposited 
in lower hollows of the granite range, is mixed with more or 
less of the quartz, mica, schorl, etc. (originally contained in the 
undecompSsed granite), from which ,il is subsequently freed by 
artificial water action in* its preparation for potting, and the 
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various other manufacturing processes for whfch it is now si 
largely employed. * 

While, however, as above mentioned,*it is generally assumed 
that both the china stone f.ul clay are the products of the 
same species of granite, there are some phenomena connected* 
with the occurrence of the former in .various places, such as 
St. Stephen’s, tit. Dennis, St. Austell, and others in the 
Ilensbarrow granite district of Cornwall, which seem to 
indicate some specific difference between them, In the ahovo 
district the china stone occurs in irregular patches, bamls,*and 
dykes in the granite, and, unlike the rarA’nsUe, or china flay 
rock, it does not appear to be necessarily connected with veins 
of schorl and other materials which are more or less largely 
characteristic of the latter; and as regards decomposition, it 
appears to occupy an intermediate position between it, on the 
one hand, and the hard, unaltered granite on the other. Whips 
rarclazitu also occasionally passes into petuntzife in depth, and 
more frequently in horizontal extension—and Collins states his 
belief that the latter is never found unconnected with the 
former — yet there are instances where, as for example at 
Little Treviscoe, in the parish of St. Stephen’s, the china 
stone is found above an underlying mass of carclazite, and 
were there not sonfe specific difference in the composition of 
their constituent felspars, it is difficult to understand how the* 
latter could havo been decomposed, while the former remained 
unaltered or undecomposed—both being subjected to the same 
decomposing agencies, and which naturally and generally 
decompose the overlying masses first. Agaij), sometimes 
• crystalline masses are found enclosed in the china sffme, 
having the, appearance and composition of yellow mica, and 
yet the figures of these masses are those of a triclinic felspar, 
not found associated with the carclazite. Occasionally, too, 
crystals of imdoeomposed,oi< partially decomposed*'felspars of 
different species occur in the “.Stoned’ Seen at a little distaste, 



China Stone 


127 


tliore is-little difference in the ajlpoaranee of pefunizite and 
rarclazite, and in Professor ^Sedgwick’s t desr,ripliijn of the 
district where they chiefly occur, 1 it is evident that ho mis¬ 
understood what lie saw, and concluded the two; for^ speaking 
*of the decomposed granite, he says: “ On a near examination if 
is found soft enough^ tp he suf with a spade^ and it is in that 
state packed up and exported i*> the potteries. In other pits 

on the same moor the rock is broken down hv mechanical force. 

• • * • 

• and a running, stfeam of water is made to pass through the 
frafflnents, tfio beautiful white china clay resulting from this 
process.” Collins, fn his monograph already quoted, says that 
Dr. Fitlon,'who visited Cornwall in 1811, observed the facti 
somewhat more accurately than Professor Sedgwick, for ho 
observed that most china clay works there had a stone quarry, 
and the ^ stone ” is often so hard as to require wedging or 
blasting in quarrying it, the. hardest being generally preferroU 
as easiest for conveyance,- If it is taken a fathom or so from 
the surface, where it is quite solid, it is stained with an 
abundance of greenish spots— probably of floor spur—a peculi¬ 
arity which was noted an the Chinese pefnuLe by the. Jesuit 
Father d’Entrecollos, who, when writing on Chinese (lotting 
materials in 1712, slated that such stones as had most of these 
grcenSh s(»ts were the most proper for fie preparation of the 
glaze; and Mr. Worth, in a paper on “ William Cookworthy and 
the Plymouth China Factory,” 3 says : “ 1 believe this remark is 
just, as I know that such stofles arc the most easily vitriable, 
and that a vein of it in Trogonning Hill, in the parish of 
Germoe, is sj much so, that it makes an excellent glaze without 
any addition of vitrescent ingredients.” 

The discovery of «hina shine in England, ^ind its first 
employment for potting purposes there, is universally credited 

1 Vide Cambridge Philosophical Transactions,, vol. i. pp. 401-5. 

2 Vidf Annals of Philosophy, 18?4, *ol. iii, p. LSI. 

8 Transactions of the Dcfonshira Association, July 1870. 
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to Mr. William Cookwortby, a member of the. Society of 
Priends. 

Tie was born in Kingsbridge, in SouC Devon, oil 12th April 
' 1705, and establislied a potti"y at ITymoutli in 173.1, in which 
he must at first have made only common earthenware, or other-’ 
wise have imported china day, from the Continent. He 
appear* 1 to have commenced a search for porcelain clay and 
china stone in England, in 1745, in consequence of his atten¬ 
tion having been directed to tne.se materials by an American, 
who submitted to him specimens of both which had been fftuid 
in Virginia, and also of porcelain made from them. Aflift a 
long personal search for similar materials, during which he 
rode over large tracts of Devonshire and Cornwall, his perse¬ 
verance was rewarded by their discovery in the latter county. 
It has been said that Cookworthy first discovered //chinlzilc in 

the stones of the tmver of .St. Columb’s Olmrch, which was 

• 

built of the “stone” from St. Stephen’s, and that ho identified 
it as similar to that shown to him by the American. Ilia own 
account of it is, however, given in a letter of date 30th May 
1745, quoted by Mr. Worth, in which he mentions having 
seen the specimens brought by an American from Virginia, and 
which ho considered identical with the Chinese porcelain 
materials, specimens of which had been brought to EiiTope in 
1712. Ho stated that “he first discovered the china stone 
in Tregonning Hill,” and dose.rilied it os “ composed of small 
pellucid gravel (quartz) and a whitish material, which indeed 
is caulin (kaolin) petrified (evidently the partially-decomposed 
felspar), and as the caulin of Tregonning Hill hath abundance 
• of mica in it, this stone hath it also.” Then he goes oif to 
describe the,greenish spots in it, and it, vitreaecnt qualities, as 
already mentioned above. He further mentions having chiefly 
employed the “stone” from Tregonning Hill in his factory, 
but that he had lately discovered that in the neighbourhood of 

St. Stephen’s in Cornwall there were immense quantities:.^! 

« 
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ootn me comma ana t,(ic jietuntzi' which he believed might be 
more comniodiously and advantageously ,wrought,than those 
of Tregonning llill, and by experiments he bad made with 
them, lie found “they produced a much whiter body, and 
do not shrink by far so much in baking, nor late stains 
so readily by the lute.” “ The parish of St. Dennis, too,” lie 
believed, “contained both these materials in plenty.” “I 
know," he adds, “two quarries of the ‘stone,’one just above 
St. StcphonV (Church Town), the other, called Caluggns, 
somewhat more than a mile from it, appears to have the tiner 
‘ stone.’ ” 

In the specilieations for a patent for the employment of the 
china stone and clay in the manufacture of ]mrcnlain, by 
Cookworthy, granted in 1 Too, and renewed in 1768, he claims 
the discovery of both in England, as his own, and calls the 
stone ynnran and vnior-stuiu’, and the clay grmraii-claji. 

The' china stone requires hut little preparation for market. 
The overburden is removed, and the. stone roughly quarried, 
and where the rock is traversed by numerous joints, which it 
generally is, this is easily effected and usually without blasting, 
which is, however, sometimes necessary. Very few of the pits 
or quarries are worked to any great depth, seldom more than 
10 (ft 12 fathoms, as the upper stem-; is worked at much 
less cast than the underlying, and few of the pits have any 
facilities <for deep drainage by adit levels. The joints of the 
“stone” are usually discoloured by green vegetable stains, 
brown ones, due to oxide of iron, or black ones, duo to oxide 
of manganese. The stones arc dressed by chipping with an 
afo, by which they are freed from most of these stainspund ia 
tho large potterigs (orln the flint mills which suijply it ground, 
in the liquid or dried state, to the smaller factories), it is finely 
ground in water to the consistency of cream, and mixed in due 
proportidhs with the flint and jday slips for the various bodies 
im which it is now so gdneralfy employed. 
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From the following analysis 

of Tsi/jichi. 

: 


porcelaiu stone— a 



Silica. 

V 

. 80-672 

Altunina . 


. 16*174 

Soda. 

. - . 

1 -790 

I’otash 


•569 

Magnesia. 


•102 

Ferrous ovule .... 


•684 

Manganese . . . 


trace 

100-000 


it will Im noticed, hy a comparison of it willi the analyses of 
china stone, that while it lias a larger percentage of silica, it 
is deficient in the alkalies, having 2\‘16N of soda and potash 
combined, whereas the average of these in the three analyses 
there given is 7‘ l 13. This is doubtless the reason why the 
Oriental porcelain manufacturers have to add a flux (ti lime 
and potash to their ground jvlunfcile, ns menlionod in the 
former part of this chapter. 

It may he mentioned that while only 10 per cent, or so of 
the china clay of Cornwall is exported for employment in 
potting, the whole of tho china stone exported is solely for 
that purpose. * 


nm END 










